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BENZiMIDAZOLE QUINOLINONES AND USES THEREOF 

FIELD OF THE INVENTION 

[0001] This invention pertains generally to methods and compositions 
for treating a variety of patients and cell subjects. More particulariy, the 
present invention provides novel compositions of matter and methods for 
angiogenesis inhibition, treating cancer, treating diabetes, stimulating insulin- 
dependent processes, treating Alzheimer's disease, treating bipolar disorder, 
treating central nen/ous system disorders, prolonging immune responses, 
reducing the splitting of centrosomes, blocking DNA repair, modulating cell 
cyde arrest, and inhibiting enzymes such as serine/threonine kinases and 
tyrosine kinases. The present Invention thus has application in the areas of 
oncology, diabetes, Immunology, and medicinal chemistry. 

BACKGROUND OF THE INVENTION 

[0002] Capillaries reach into almost all tissues of the human body and 
supply tissues with oxygen and nutrients as well as removing waste products. 
Under typical conditions, the endothelial cells lining the capillaries do not 
divide, and capillaries, therefore, do not nornially increase in number or size in 
a human adult Under certain normal conditions, however, sudi as when a 
tissue is damaged, or during certain parts of the menstrual cycle, the 
capillaries begin to proliferate rapidly. This process of fomiing new capillaries 
from pre-existing blood vessels is known as angiogenesis or 
neovascularization. See Folkman, J. Scientific American 275. 150-154 
(1 996). Angiogenesis during wound healing is an example of 
pathophysiological neovascularization during adult life. During wound 
healing, the additional capillaries provide a supply of oxygen and nutrients, 
pronx>te granulation tissue, and aid In waste removal. After termination of the 
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healing process, the capillaries normally regress. Lymboussaki, A. "Vascular 
Endothelial Growth Factors and their Receptors in Ennbryos, Adults, and in 
Tumors" Academic Dissertation, University of Helsinki, Molecular/Cancer 
Biology Laboratory and Department of Pathology, Haartman Institute, (1999). 

[0003] Angiogenesis also plays an important role in the growth of 
cancer cells. It is known that once a nest of cancer cells reaches a certain 
size, roughly 1 to 2 mm In diameter, the cancer cells must develop a blood 
supply in order for the tumor to grow larger as diffusion will not be sufficient to 
supply the cancer cells with enough oxygen and nutrients. Thus, inhibition of 
angiogenesis is expected to halt the growth of cancer cells. 

[0004] Receptor tyrosine kinases (RTKs) are transmembrane 
polypeptides that regulate developmental cell growth and differentiation, 
renfKxJeiing and regeneration of adult tissues. Mustonen, T. et al., J. Cell 
Biology 129, 895-898 (1995); van derGeer. P. et al. Ann Rev. Cell Biol. 10, 
251-337 (1994). Polypeptide ligands known as growth factors or cytokines, 
are known to activate RTKs. Signaling RTKs involves ligand binding and a 
shift in confomnation in the external domain of the receptor resulting in its 
dimerization. Lymboussaki, A. ^Vascular Endothelial GrowUi Factors and their 
Receptors in Embryos, Adults, and in Tumors" Academic Dissertation, 
University of Helsinki, Molecular/Cancer Biology Laboratory and Department 
pf Patiiology, Haartman Institute, (1999); Ullrich, A. et al., Cell 61, 203-212 
(1990). Binding of the ligand to the RTK results in receptor trans- 
phosphorylation at specific tyrosine residues and subsequent activation of the 
catalytic domains for the phosphorylation of cytoplasmic substa'ates. id. 

[0005] Two subfamilies of RTKs are specific to the vascular 
endothelium. These include the vascular endothelial growth factor (VEGF) 
subfamily and the Tie receptor subfamily. Class V RTKs include VEGFR1 
(FLT-1), VEGFR2 (KDR (human), Flk-1 (mouse)), and VEGFR3 (FLT-4). 
Shibuya, M. et al.. Oncogene 5, 619-525 (1990); Tenman, B. et al., Oncogene 
6, 1677-1683 (1991); Aprelikova, O. et al.. Cancer Res. 52, 746-748 (1992). 
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[0006] Members of the VEGF subfamily have been described as being 
able to induce vascular permeability and endothelial cell proliferation and 
further identified as a major inducer of angiogenesis and vasculogenesis. 
Ferrara, N. et al., Endocrinol. Rev. 18, 4-25 (1997). VEGF is known to 
specifically bind to RTKs including FLT-1 and Flk-1. DeVries, C. et al., 
Sdence 255, 989-991 (1992); Quinn, T. et al., Proc. Natl. Acad. Sci. 90, 7533- 
7537 (1993). VEGF stimulates the migration and proliferation of endothelial 
cells and induces angiogenesis both in vitro and in vivo. Connolly, D. et al., J. 
Biol. Chem. 264. 20017-20024 (1989); Connolly, D. et al., J. Clin. Invest. 84, 
1470-1478 (1989); Fen^ra, N. etal.. Endocrine. Rew, 18, 4-25 (1997); Leung, 
D. et al., Science 246, 1306-1309 (1989); Plouet, J. et aL, EMBO J 8, 3801- 
3806 (1989). 

[0007] Because angiogenesis is known to be critical to the growth of 
cancer and to be controlled by VEGF and VEGF-RTK, substantial efforts have 
been undertaken to develop compounds which inhibit or retard angiogenesis 
and inhibit VEGF-RTK. 

[0008] Platelet derived growth factor receptor kinase (PDGFR) is 
another type of RTIC PDGF expression has been shown in a number of 
different solid tumors, from glioblastomas to prostate carcinomas. In these 
various tumor types, the biological role of PDGF signaiing can vary from 
autocrine stimulation of cancer cell growth to more subtle paracrine 
interactions involving adjacent stroma and angiogenesis. Therefore, inhibiting 
the PDGFR kinase activity with small molecules may interfere with tumor 
growth and angiogenesis. 

[0009] Tie-2 is a membrane RTK. Upon binding to its iigahd, Tie-2 is 
activated and phosphorylates its downstream signal proteins. Tie-l kinase 
activity may then trigger a pathway of cellular response that leads to 
stabilization of vascular vessels in cancer. Therefore, blocking kinase activity 
of Tie-2, In synergy with blockage of activity of other angiogenic kinases such 
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as VEGF and FGFR1 receptor kinases, may be effective in cutting off the 
blood supply to cancer cells and in treating the disease. 

[001 0] FLT-3 is a receptor tyrosine kinase belonging to the PDGF 
Receptor family expressed on acute myelogenous leukemia (AML) cells in a 
majority of patients and can be present in wildtype fonm or have activating 
mutations that result in constitutively active kinase function. An intemal 
tandem repeat (ITD) mutation is expressed in about 25% of AML patients and 
has been associated witti poor prognosis in AML patients. Levis, M et al 
Blood 99,11; 2002. 

[001 1] c-Kit is another receptor tyrosine kinase belonging to PDGF 
Receptor family and is nomnally expressed in hematopoietic progenitor, mast 
and germ cells. C-kit expression has been implicated in a number of cancers 
including mast cell leukemia, genm cell tumors, small-cell lung cardnoma, . 
gastroinstestinal stromal tumors, acute myelogenous leukemia (AML), 
neuroblastoma, melanoma, ovarian carcinoma, breast carcinoma. Heinrich, 
M. C. et al; J. Clin. One. 20, 6 1692-1703, 2002 (review article); Smolich, B. 
a etal Blood, 97, 5; 1413-1421. 

[001 2] c-ABL is a tyrosine kinase tiiat was originally identified as an 
oncogene product from the genome of the Abelson murine leukemia vims. 
About 90% of chronic myelogenous leukemia (CML), 20-30% of acute 
lymphoblastic leukemia (ALL) and about 1% of acute myeloblastic leukemia 
(AML) have a reciprocal translocation between chromsome 9 and 22. The 
taranslocation results in the 'Philadelphia' chromosome and is tiie reason for 
ttie expression of a chimeric BCR/ABL fa-anscript. 

[0013] FGFR3 is a tyrosine kinase associated with various cancers. 
Fibroblast growth factor receptor 3 (FGFR3) is a class IV receptor tyrosine 
kinase. FGFR3 is deregulated due to a t(4,14) translocation in about 15% of 
multiple myeloma patients. This translocation causes tiie expression of a 
functional FGFR3 tiiat can respond to FGF1 in e.g. tiie bone 
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micfoenvironment In some cases, activating mutations that make FGFR3 
llgand independent have been identified. These activating FGFR3 mutations 
have been found to cause Ras-like tumor progression and evidence exists 
that similar signaling pathways are utilized (Chesi et al Blood 2001 97 729- 
736.). 

[0014] Glycogen synthase Idnase 3 (GSK-3) is a serine/threonine 
kinase for which two isoforms, a and p, have been identified. Woodgett, 
Trends Biochem. Sc/., 16:177-81 (1991). Both GSK-3 isofonms are 
constitutively active in resting cells. GSK-3 was originally identified as a 
kinase that inhibits glycogen synthase by direct phosphorylation. Upon insulin 
activation, GSK-3 is inactivated, thereby allowing the activation of glycogen 
synthase and possibly other insulin-dependent events, such glucose 
transport. Subsequentiy, it has been shown that GSK-3 activity is also 
inactivated by other growth factors that, like insulin, signal through receptor 
tyrosine kinases (RTKs). Examples of such signaling molecules include IGF- 
1 and EGF, Saito et al., Biochem, J., 303:27-31 (1994); Welsh et al„ 
Biochem. J. 294:625-29 (1993); and Cross et al., Biochem. J., 30321-26 
(1994). 

[0015] Agents that inhibit GSK-3 activity are useful in the treatment of 
disorders that are mediated by GSK-3 activity. In addition, inhibition of GSK-3 
mimics the activation of growtti factor signaling pathways and consequentiy 
GSK-3 inhibitors are useful in the treatment of diseases in which such 
patiiways are insufficientiy active. Examples of diseases that can be treated 
with GSK-3 inhibitors are described below. 

[0016] Diabetes mellitus is a serious metabolic disease that is defined 
by the presence of chronically elevated levels of blood glucose 
(hyperglycemia). This state of hyperglycemia is the result of a relative or 
absolute lack of activity of the peptide homnone, insulin. Insulin is produced 
and secreted by the p cells of the pancreas. Insulin is reported to promote 
glucose utilization, protein synthesis, and the formation and storage of 
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carbohydrate energy as glycogen/ Glucose is stored in the body as glycogen, 
a fonn of polymerized glucose, which may be converted back into glucose to 
meet metabolism requirements. Under nonmal conditions, insulin is secreted 
at both a basal rate and at enhanced rates following glucose stimulation, all to 
maintain metabolic homeostasis by the conversion of glucose into glycogen. 

[0017] The tenm diabetes mellitus encompasses several different 
hyperglycemic states. These states include Type 1 Onsulin-dependent 
diabetes mellitus or IDDM) and Type 2 (non-insulin dependent diabetes 
mellitus or NIDDM) diabetes. The hyperglycemia present in individuals with 
Type 1 diabetes is associated with deficient, reduced, or nonexistent levels of 
insulin that are insufficient to maintain blood glucose levels within the 
physiological range. Conventionally, Type 1 diabetes is treated by 
administration of replacement doses of Insulin, generally by a parental route. 
Since GSK-3 inhibition stimulates insulin-dependent processes, it is useful in 
the treatment of type 1 diabetes. 

[0018] Type 2 diabetes is an increasingly prevalent disease of aging. It 
is initially characterized by decreased sensitivity to insulin and a 
compensatory elevation in circulating insulin concentrations, the latter of 
which is required to maintain nonnal blood glucose levels. Increased insulin 
levels are caused by increased secretion from the pancreatic beta cells, and 
the resulting hyperinsulinemia is associated with cardiovascular complications 
of diabetes. As insulin resistance worsens, the demand on the pancreatic 
beta cells steadily increases until the pancreas can no longer provide 
adequate levels of insulin, resulting in elevated levels of glucose in the blood. 
Ultimately, overt hyperglycemia and hyperlipidemia occur, leading to the 
devastating long-term complications associated with diabetes, including 
cardiovascular disease, renal failure and blindness. The exact mechanism(s) 
causing type 2 diabetes are unknown, but result in impaired glucose transport 
into skeletal muscle and increased hepatic glucose production, in addition to 
inadequate Insulin response. Dietary modifications are often ineffective, 
therefore ttie majority of patients ultimately require phanmaceutical 
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intervention in an effort to prevent and/or slow the progression of the 
complications of the disease. Many patients can be treated with one or more 
of the many oral anti-diabetic agents available, including sulfonylureas, to 
increase insulin secretion^ Examples of sulfonylurea drugs include metformin 
for suppression of hepatic glucose production, and troglitazone, an insulin- 
sensitizing medication. Despite the utility of these agents, 3(Md% of 
diabetics are not adequately controlled using these medications and require 
subcutaneous insulin injections. Additionally, each of these therapies has 
associated side effects. For example, sulfonylureas can cause hypoglycemia 
and troglitazone can cause severe hepatoxicity. Presentiy, there is a need for 
new and improved drugs for the treatment of prediabetic and diabetic patients. 

[0019] As described above, GSK-3 inhibition stimulates insulin- 
dependent processes and is consequently useful in the treatment of type 2 
diabetes. Recent data obtained using lithium salts provides evidence for this 
notion. The lithium ion has recentiy been reported to inhibit GSK-3 activity. 
Klein et aL, PNAS 93:8455-9 (1996). Since 1924, lithium has been reported 
to have antidiabetic effects including the ability to reduce plasma glucose 
levels, increase glycogen uptake, potentiate insulin, up-regulate glucose 
synthase activity and to stimulate glycogen syntiiesis in skin, muscle and fat 
cells. However, lithium has not been widely accepted for use in the inhibition 
of GSK-3 activity, possibly because of its documented effects on molecular 
targets other than GSK-3. The purine analog 5-iodotubercidin, also a GSK-3 
inhibitor, likewise stimulates glycogen synthesis and antagonizes inactivation 
of glycogen synthase by glucagon and vasopressin in rat liver cells. 
Fluckiger-lsler et al., Biochem J. 292:85-91 (1993); and Massilfon et aL, 
Biochem J. 299:123-8 (1994). However, this compound has also been shown 
to inhibit other serine/threonine and tyrosine kinases. Massillon et al., 
Biochem J. 299:123-8 (1994). 



[0020] One of the main goals in the management of patients with 
diabetes mellitus Is to achieve blood glucose levels Uiat are as close to 
nonmal as possible. In general, obtaining nomial postprandial blood glucose 
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levels is more difficult than normalizing fasting hyperglycemia. In addition, 
some epidemiological studies suggest that postprandial hyperglycemia 
(PPHG) or hyperinsulinemia are independent risk factors for the development 
of macrovascular complications of diabetes mellitus. Recently, several drugs 
with differing phamiacodynamic profiles have been developed which target 
PPHG. These Include Insulin lispro, amylin analogues, alpha-glucosidase 
inhibitors and meglitinide analogues. Insulin lispro has a more rapid onset of 
action and shorter duration of efficacy compared with regular human insulin. 
In clinical trials, the use of insulin lispro has been associated with improved 
control of PPHG and a reduced incidence of hypoglycemic episodes. 
Repagllnide, a meglitinide analogue, is a short-acting insulinotroplc agent 
which, when given before meals, stimulates endogenous Insulin secretions 
and lowers postprandial hyperglycaemic excursions. Both Insulin lispro and 
repagllnide are associated with postprandial hyperinsullnaemia. In contrast, 
amylin analogues reduce PPHG by slowing gastric emptying and delivery of 
nutrients to tiie absort^ing surface of tiie gut Alpha-glucosidase inhibitors 
such as acart)ose, miglrtol and voglibose also reduce PPHG primarily by 
interfering with the cariDohydrate-dlgesting enzymes and delaying glucose 
absorption. Yamasakietal., ToA?o/ci/ J Exp Me(/1997;183(3):173-83. The 
GSK inhibitors of the present Invention are also useful, alone or in 
combination witii flie agents set fortti above, in the treatment of postprandial 
hyperglycemia as well as In ttie treatment of fasting hyperglycemia, 

[0021] GSK-3 is also involved in biological pathways relating to 
Alzheimer's disease (AD). The characteristic patiiological features of AD are 
extracellular plaques of an abnomially processed fonn of the amyloid 
precursor protein (APP), so called p-amyloid peptide (p-AP) and the 
development of intracellular neurofibrillary tangles containing paired helical 
filaments (PHF) tiiat consist largely of hyperphosphorylated tau protein, GSK- 
3 is one of a number of kinases that have been found to phosphorylate tau 
protein in vHm on the abnormal sites characteristic of PHF tau, and is the only 
kinase also demonstrated to do tills in living cells and in animals. Lovestone 
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et al., Current Biology A'AOrr-^ (1994); and Brownlees et al, NeumrBportB: 
3251-3255 (1997). Furthermore, the GSK-3 kinase inhibitor, LiCI, btoclcs tau 
hyperphosphorylation in cells. Stamtwiic et al., Current Biology 6:1664-8 
(1 996). Thus GSK-3 activity may contribute to the generation of neurofibrillary 
tangles and consequently to disease progression. Recently it has been 
shown that GSK-3p associates with another key protein in AD pathogenesis, 
presenillin 1 (PS1). Takashima et al.. PAMS 95:9637-9641 (1998). Mutations 
in the PS1 gene lead to Increased production of p-AP, but the authors also 
demonstrate that the mutant PS1 proteins bind more tightly to GSK-3p and . 
potentiate the phosphorylation of tau, which is bound to the same region of 
PS1. 

[0022] It has also been shown that another GSK-3 substrate, p-catenin, 
binds to PS1 . Zhong et al., Natuie 395:698-702 (1998). Cytosolic p-catenin is 
targeted for degradation upon phosphorylation by GSK-3 and reduced p- 
catenln activity Is associated witti increased sensitivity of neuronal cells to p- 
AP induced neuronal apoptosls. Consequentiy, Increased association of 
GSK-3P wfth mutant PS1 may account for the reduced levels of p-catenin that 
have been observed in the brains of PS1 -mutant AD patients and to the 
disease related increase in neuronal cell-death. Consistent with these 
observations, it has been shown that injection of GSK-3 antisense but not 
sense, blocks the pattwiogical effects of p^AP on neurons in vitm, resulting in 
a 24 hour delay in tiie onset of cell deatii and Increased cell survival at 1 hour 
from 12 to 35%. Takashima et al., PNAS 90:7789-93. (1993). In these latter 
studies, the effects on cell-death are preceded (within 3-6 hours of p-AP 
administration) by a doubling of intracellular GSK-3 activity, suggesting tiiat in 
addition to genetic mechanisms that increase tiie proximity of GSK-3 to its 
substrates, p-AP may actually increase GSK-3 activity. Further evidence for a 
role for GSK-3 in AD is provided by the observation that ttie protein 
expression level (but. in tills case, not specific activity) of GSK-3 is increased 
by 50% In postsynaptosomal supematants of AD vs. nomnal brain tissue. Pei 



wo 2004/018419 



PCT/US2003/025990 



-10- 

et al., J. Neuropathol Exp., 56:70-78 (1997). Thus, specific inhibitors of GSK- 
3 should slow the progression of Alzheimer's Disease. 

[0023] In addition to the effects of lithium described above, there is a 
long history of the use of lithium to treat bipolar disorder (manic depressive 
syndrome). This clinical response to lithium may reflect an involvement of 
GSK-3 activity in the etiology of bipolar disorder, in which case GSK-3 
inhibitors could be relevant to that indication. In support of this notion it was 
recently shown that valproate, another drug commonly used in the treatment 
of bipolar disorder. Is also a GSK-3 inhibitor. Chen et al., J. Neurochemistry, 
72:1327-1330 (1999). One mechanism by which lithium and other GSK-3 
inhibitors may act to treat bipolar disorder is to increase the survival of 
neurons subjected to abenrantly high levels of excitation induced by the 
neurotransmitter, glutamate. Nonaka et a!., PNAS 95: 2642-2647 (1998). . 
Glutamate-induced neuronal excitotoxicity is also believed to be a major 
cause of neurodegeneration associated with acute damage, such as in 
cerebral ischemia, traumatic brain injury and bacterial infection. Furthermore it 
Is believed that excessive glutamate signaling is a factor in the chronic 
neuronal damage seen in diseases such as Alzheimer's, Huntingdon's, 
Parkinson's, AIDS associated dementia, amyotrophic lateral sclerosis (ALS) 
and multiple sclerosis (MS). Thomas, J. Am. Geriatr. Soc. 43: 1279-89 (1995). 
Consequently, GSK-3 inhibitors should provide a useful treatment in these 
and other neurodegenerative disorders. 

[0024] GSK-3 phosphorylates transcription factor NF-AT and promotes 
its export from the nucleus, in opposition to the effect of calciheurin. Seals et 
al., Sdence 275:1930-33 (1997). Thus, GSK-3 blocks eariy immune 
response gene activation via NF-AT, and GSK-3 inhibitors may tend to permit 
or prolong activation of immune responses. Thus, GSK-3 inhibitors are 
believed to prolong and potentiate the immunostimulatory effects of certain 
cytokines, and such an effect may enhance the potential of those cytokines 
for tumor immunotherapy or indeed for immunotherapy in general. 
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[0025] Lithium has other biological effects. It Is a potent stimulator of 
hematopoiesis, both in vitro and in wVo. Hammohd et al., Blood 55: 26-28 
(1980). In dogs, lithium carbonate eliminated recun-ent neutropenia and 
nomnalized other blocxi cell counts. Doukas et al. Exp. Hematol. 14: 215-221 
(1986). If these effects of lithium are mediated through the inhibition of GSK- 
3, GSK-3 inhibitors may have even broader applications. Since inhibitors of 
GSK-3 are useful in the treatment of many diseases, the identification of new 
inhibitors of GSK-3 would be highly desirable. 

[0026] NEK-2 is a mammalian serine threonine kinase, whteh is 
structurally related to the NimA kinase from the fungus Aspergillus nidulans. 
Mutations in NimA result in G2 phase anrest of cells and overexpression of wt 
NimA results in premature chromatin condensation, even when ectoplcally 
expressed in mammalian cells. Both protein and kinase levels peak in S/G2 
phase of the cell cycle. NimA also appears to be required for the localization 
of cdkl/cyclinB complex to the nucleus and spindle pole body. Histone H3 
has been shown to be an in vitro substrate for the kinase, and if this is also 
the case in vivo, it may explain the role of the kinase in chromosome 
condensation. Six NimA kinases have been identified to date in mammals, 
and of these, NEK-2 appears to be the most closely related to NimA. It's 
activity is also cell cycle regulated, peaking in S/G2 phase. Overexpression of 
NEK-2, however, does not affect chromatin condensatton but instead results 
In a pronounced splitting of centrosomes, possibly due to the loss of 
centriole/centriole adhesion. There is evidence that NEK-2 is regulated by 
phosphorylation and can interact with protein phosphatase PP1. NEK-2 is 
ubiquitously expressed and appears to be most abundant in testis. Hyseq 
cluster 3741 13, containing only NEK-2 sequences shows dramatic 
overexpression of NEK-2 in lymph node metastasis (13.3x) and in primary 
tumor (6.5x). Inhibition of NEK-2 by antisense oligonudeotMes inhibited cell 
proliferation and reduced the capability of cells to grow in soft agar. In 
addition, increased cell death was observed in these cells both in the 
presence and absence of cisplatin. 
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[0027] Ultraviolet light, ionizing radiation, environmental agents and 
cytotoxic drugs can result in damage to cellular DNA integrity. When such 
damage occurs during DNA replication or cell division it is potentially 
catastrophic and may result in cell death. The cellular response is to arrest 
the cell cycle at one of two checkpoints (G1/S or G2/M) to either perniit DNA 
repair or initiate apoptosis. 




CHKl 



[00281 The G 1 /S checkpoint is regulated by the p53 transcriptional 
activator protein and the absence of this critical protein is often an important 
step in tumorigenesis, thus defining p53 as a tumor suppressor. In fact, 
nearly 50% of all cancers are p53 defective due to mutation. T. Soussi. Ann. 
N.Y, Acad Sci., 910. 121 (2001). In response to DNA damage, checkpoint 
kinase 2 (CHK-2) phosphorylates p53 and this results in stabilization of the 
protein and an elevation in p53 levels. A. Hirao et al.. Science, 287, 1824 
(2000). Consequently, negative cell cycle regulators, such as p21Waf1/Cip1 , 
are activated and halt the cell cycle at the G1/S checkpoint B. Vogelstein et 
al., Nature. 408, 307 (2000). 

[0029] The G2/M checkpoint is monitored by the serine/threonine 
checkpoint kinase 1 (CHKl). Upon DNA damage, the protein kinase ATR 
(ataxia-telangiectasia mutated - rad53 related kinase) is activated. H. Zhao et 
al., Mol. Cell Biol.. 21 . 4129 (2001); Q. Liu et al.. Genes Dev.. 14, 1448 
(2000). SATR-dependent phosphorylation of CHKl promotes its 
phosphorylation of Cdc25 and Weel and ultimately inactivation of Cdc2. 
Thus, CHKl phosphorylation of Cdc25c targets rt for nuclear export to the 
cyloplasrh and as a result the Cdc25c phosphatase is rendered unavailable to 
activate Cdc2 by dephosphorylation. Y. Sanchez et al.. Science. 277, 1497 
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(1997); C. Y, Peng et al., Science, 277, 1501 (1997); T. A. Chen et al., 
Nature, 401. 616 (1999); and A. Lopez^irona et al, Nature, 397, 172 (1999). 
In addition, CHK1 activates the protein kinase Weel, which phosphorylates 
and inactivates Cdc2. J. Lee et al. Mol. BioL Cell, 12. 551 (2001); L L. 
Parker et al., Science, 257, 1955 (1992). These dual pathways thus converge 
to result in cell cycle arrest. Because cell cycle arrest is a potential 
mechanism by which tumor cells can overcome the damage induced by 
cytotoxic agents, abrogation of these checkpoints with novel therapeutic 
agents should Increase the sensitivity of tumors to chemotherapy. The 
presence of two checkpoints, coupled with the tumor specific abrogation of 
one of these by p53 mutations in 50% of cancers, can be exploited to design 
tumor-selecfive agents. Thus, in p53 minujs tumors, therapeutic Inhibition of 
G2/M arrest leaves cancerous cells no options for DNA damage repair and 
results in apoptosis. Nomnal cells have wild type p53 and retain an Intact 
G1/S checkpoint. Thus these cells have an opportunity to conrect DNA 
damage and survive. One approach to the design of chemosensitlzers that 
abrogate the G2/M checkpoint is to Identify inhibitors of the key G2/M 
regulatory kinase, CHK1. 



ATR A '^NA 

Activation Damage 

CHOa (toactlw)-^ P-CHKl (active) 

Weel Cnactlve) — iT^MVeel (active) Cdc2Sc (acthr^ — ► P-cdc25c (nndear ezpoi 
V cdc2(actlv^ 

P-cdc2 (Inactive) 

[0030] It has been shown ttiat PAR-1 , also known as HDAK, a regulator 
of polarity, is a modulator of Wnt-p-catenin signaling, Indicating a link 
between two important developmental pathways. See Sun, T-Q. et al. Nature 
Cell Biology. 3, 628-636 (2001 ). An important functbn of p-catenin, namely 
its role in cell signaling, has been elucidated in the past few years. p-Catenin 
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is the vertebrate homologue of the Drosophila segment polarity gene 
armadillo, an important element in the Wingless/Wnt (Wg/Wnt) signaling 
pathway. Wingless is a cell-cell signal in Drosophila that triggers many key 
developmental processes, Wnt being the vertebrate homologue. In the 
absence of a mitotic signal from outside the cell p-catenin is sequestered in a 
complex with the adenomatous polyposis coli (APC) gene product, a serine 
threonine glycogen synthetase kinase (GSK-3p) and an adapter protein axin 
(or a homologue conductin), enabling phosphorylation and degradation of free 
p-catenIn by the ubiquitin-proteasome system. The function of and 
interactions between the proteins In the complex was something of a mystery 
until recently. Axin, a recently recognized component of the complex, acts as 
a scaffold protein in the multiprotein structure. Fomnation of an axin 
regulatory complex is critical for GSK-3p activity and p-catenin 
phosphorylation and degradation, since GSK-3P does not bind direcHy to p- 
catenin but requires the presence of axin, which binds to both proteins. This 
complex fonmation leads to the maintenance of low levels of free cytoplasmic 
p-catenin. Residual catenins hold cells together by binding to cadherins, both 
at the adherens junctions and the actin cytoskeleton. 

[0031] When a mitotic signal Is delivered by ttie Wnt pathway, by 
association of the Wg/Wnt family of secreted glycoproteins and tiieir 
membrane receptor frizzled, it leads to activation of ttie dishevelled (Dsh) 
protein, which Is recruited to flie cell membrane. The activated Dsh 
downregulates the protein complex, so that It can no longer phosphorylate p- 
catenin, which then is not degraded. How exacHy Wnt signaling leads to ttie 
stabilization of p-catenin remains unclear, although tiie critical step is possibly 
tiie dissociation of GSK-3P from axin witti the help of Dsh. With GSK-Sp no 
longer bound to axin, it cannot phosphorylate p-catenin, leading to an 
increase in p-catenin levels. Another proposed model is that inhibition of 
GSK-3P activity upon Wnt signaling by Dsh leads to the dephosphorylation of 
axin, resulting In a reduced efficiency of binding to p-catenln. The release of 
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p-catenin from the phosphorylation and degradation complex promotes p- 
catenln stabilization and signaling. The resulting increase in free cytosolic p- 
catenin then enters the nucleus. This results In an increase of free cystolic p- 
catenin which translocates to the nucleus and directly binds the transcription 
factors Lef and Tcf, leading to the activation of gene expression. Recently, 
the target genes of these transcription factors have been Identified. They are 
thought to be involved in inhibiting apoptosis and promoting cellular 
proliferation and migration, and include the c-myc oncogene and one of the 
cell cycle regulators cyclin D1 . 

[00321 Transformation of adult mammalian cells into malignant tumors 
is believed to reflect an exaggeration of the Wg/Wnt pathway, at least In some 
tumors. The PAR-1 gene is involved in Wg/Wnt activity levels as well as 
production of free p-catenin in the cell. Down regulating of Wg/Wnt has been 
shown to limit p-catenin. which is involved in anti-apoptosis signaling. Small 
molecule Inhibitors capable of inhibiting PAR-1 such as those disclosed 
herein, have been shown to be efficacious in cancer cell lines. Screens 
monitoring PAR-1 (HDAK) inhibition depict effective reduction of Wnt activity, 
w'rth EC50 values below 10 in cell-based assays, therefore, a need 
remains for small molecule inhibitors of ttie PAR-1 , capable of inhibiting 
Wg/Wnt signaling and p-catenin production in order to reduce growUi of tumor 
cell lines and tumors via stimulation of cellular apoptosis. 

[0033] Various indolyl substituted compounds have recentiy been 
disclosed in WO 01/29025. WO 01/62251 . and WO 01/62252. and various 
benzlmldazoiyi compounds have recentiy been disclosed In WO 01/28993. 
These compounds are reportedly capable of inhibiting, modulating, and/or 
regulating signal transduction of both receptor-type and non-receptor tyrosine 
kinases. Some of the disclosed compounds contain a quinolone fragment 
bonded to the indolyl or benzimidazolyl group. 

[0034] The syntiiesis of 4-hydroxy quinolone and 4-hydroxy quinolihe 
derivatives is disclosed in a number of references which are heing 
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incorporated by reference in tfieir entirety for all purposes as if fully set forth 
herein. For example, Ukralnets et al. have disclosed ttie synthesis of 3- 
(benzimidazol-2-yl)-4-hydroxy-2-oxo-1,2-dihydroqulnollne. Ukralnets. I. et a!., 
Tet Lett. 42, 7747-7748 (1995); Ukralnets, I. et al., Khimiya 
Geterotsiklicheskikh Soedinii, 2, 239-241(1992). Ukrainets has also disclosed 
the synthesis, anticonvulsive and antithyroid activity of other 4-hydroxy 
quinolones and thio analogs such as 1H-2-oxo-3-(2-benzlmidazolyl)-4- 
hydoxyquinoline. Ukrainets, I. etal.. Khimiya Geterotsiklicheskikh Soedinii, 1, 
105-108 (1993); Ukrainets, I. etal., Khimiya Geterotsiklicheskikh Soedinii, 8, 
1 105-1 108 (1993); Ukrainets, I. et al., Chem. Heterocyclic Comp. 33, 600- 
604, (1997). 

[0035] The synthesis of various quinoline derivatives is disclosed In 
WO 97/48694. These compounds are disclosed as capable of binding to 
nuclear honnone receptors and being useful for stimulating osteoblast 
proliferation and bone growth. The compounds are also disclosed as being 
useful in the treatment or prevention of diseases associated with nuclear 
honmone receptor families. 

[0036] Various quinoline derivatives in which the benzene ring of the 
quinolone is substituted with a sulfur group are disclosed In WO 92/18483. 
These compounds are disclosed as being useful in phanmaceutical 
formulations and as medicaments. 

[0037] Quinolone and coumarin derivatives have, been disclosed as 
having use in a variety of applbations unrelated to medicine and 
phanmaceutical fomiulations. References tiiat describe the preparation of 
quinolone derivatives for use In photopolymerizable compositions or for 
luminescent properties include: U.S. Patent No. 5,801,212 issued to Okamoto 
et al.; JP 8-29973; JP 7-43896; JP 6-9952; JP 63-258903; EP 797376; and 
DE 23 63 459 which are all herein incorporated by reference in ttieir entirety 
for all purposes as if folly set forth herein. 
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[0038] Various quinolinone benzimidazole compounds described as 
useful in inhibiting angiogenesfs and vascular endothelial growth factor 
receptor tyrosine kinases are disctosed in U.S. Patent Application No. 
09/951.265 and WO 02/22598 (published on March 21, 2002), U.S. Patent 
Application No. 09/943,382 and WO 02/18383 (published on March 7, 2002), 
and U.S. Patent Application No. 10/116,1 17 filed (published on February 6, 
2003 as US 20030028018 A1) each of which is incorporated herein by 
reference in its entirety for all purposes as if Hilly set forth herein. 

[0039] Each of the following documents to which this application claims 
priority is also herein incorporated by reference in its entirety and for all 
purposes as if the references were fully set forth herein: U.S.S.N. 60/405,729 
filed on August 23, 2002; U.S.S.N. 60/426,107 filed on November 13, 2002; 
U.S.S.N. 60/426,226 filed on November 13, 2002; U.S.S.N. 60/426,282 filed 
on November 13, 2002; U.S.S.N. 60/428.210 filed on November 21. 2002; 
U.S.S.N. 60/460,327 filed on April 3, 2003 U.S.S.N. 60/460,328 filed on April 
3, 2003; U.S.S.N. 60/460,493 filed on April 3, 2003; U.S.S.N. 60/478,916 filed 
on June 1 6, 2003; and U.S.S.N. 60/484,048 filed on July 1 , 2003. 

[0040] A continuing need exists for compounds that inhibit the 
proliferation of capillaries, inhibit the growth of tumors, treat cancer, treat 
diabetes, stimulate insulin-dependent processes, treat Alzheimer's disease, 
treat central nervous system disorders, prolong immune responses, reduce 
the splitting of centrosomes, block DNA repair, modulate cell cycle anrest, 
and/or inhibit enzymes such as FLT-1 (VEGFR1), VEGFR2 (KDR, Rk-1), 
VEGFR3, FGFR1, GSK-3, Cdk2, Cdk4, MEK1, CHK2, CKIe, Raf, o-Kit, c- 
ABL, p60src, FGFR3, FLT-3, NEK-2, CHK1, Rsk2, PAR-1, Cdc2, Fyn, Lck, 
Tie-2, PDGFRa, and PDGFRp, and phamnaceutical fonnulations and 
medicaments that contain such compounds. A need also exists for methods 
for administering such compounds, pharmaceutical fomiulations, and 
medicaments to patients or subjects in need thereof. 
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SUMMARY OF THE INVENTION 

[0041] The present invention provides metliods of inliibiting 
serine/tiireonine and tyrosine Idnases, and methods of treating biological 
conditions mediated by serine/threonine and tyrosine Idnases. In particular, 
the present invention provides methods of inhibiting serine/threonine kinases, 
including glycogen synthase kinase 3 (GSK-3), cyclin dependent kinase 2 
(Cdk2X cyclin dependent kinase 4 (Cdk4), MEKi. NEK-2, CHK2, CKIe, Raf, 
checkpoint kinase 1 (CHK1), ribosomal S6 kinase 2 (RsK2), and PAR-1 and 
methods of inhibiting tyrosine kinases, including cell division cyde 2 kinase 
(Cdc2 kinase), FYN oncogene kinase related to SRC, PGR, YES (Fyn), 
lymphocyte-specific protein tyrosine kinase (Lck), c-Kit, c-ABL, p60src, 
VEGFR3, PDGFRa. PDGFRp, FGFR3. FLT-3 and tyrosine kinase wHh Ig and 
EGF homology domains (Tie-2). The present invention also provides 
methods of treating biological conditfons mediated by serine/threonine 
kinases. Including GSK-3, C.dk2, Cdk4. MEKI, NEK-2, CHK2, CKIe, Raf, 
CHK1, Rsk2, and PAR-1, and methods of treating biological condittons 
mediated by tyrosine kinases, including Cdc2 kinase, c-Kit, c-ABL, p60src, 
VEGFR3, PDGFRa, PDGFRp, FGFR3, FLT-3, Fyn, Lck, and Tie-2. Finally, 
the present invention provides compounds and pharmaceutical fomnulati'ons 
including the compounds that are used in the above methods. 

Serine/Threonine Kinase Inhibition 

[0042] In one aspect, the present invention provides a method of 
inhibiting a serine/ttireonine kinase In a subject and/or a mettiod of treating a 
btological condition mediated by serine/threonine kinase activity in a subject 
The metiiods include adrhinlstering to tfie subject a compound of Structure I. 
a tautomer of tiie compound, a phanmaceutically acceptable salt of the 
compound, a pharmaceuticaily acceptable salt of the tautomer, or mixtures 
thereof. In tiie method of inhibiting a serine/threonine kinase, the 
serine^reonine kinase is inhibited in the subject after administration. 
Structure I has the following fomnula: 
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I 

where: 

A, B, C, and D are independently selected from carbon or 
nitrogen; 

is selected from -H, -F, -CI, -Br. -I, -CN, -NO2. substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted aikenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted alkynyl groups 
having from 1 to 8 carlxin atoms, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -SH, substituted and unsubstituted -S- 
alkyl groups, substituted and unsubstituted -S(=0)2-0-alkyl 
groups, substituted and unsubstituted -S(=0)2-alkyl groups, 
substituted and unsubstituted -S{=0)-alkyl groups, -S(=0)-NH2, 
substituted and unsubstituted -S(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -S(=0)-N(alkyl)2 groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heteroc^lyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy 
groups. -NH2, substituted and unsubstituted -N(HXalkyl) groups. 
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substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H){heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
urisubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H){heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclylall<yl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)-aikyl groups, substituted and 
unsubstituted -N{H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N{H)-C(=0)-heterocyclylalkyl groups, substituted 
and unsubstituted -N(H>-S(=0)-alkyl groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0>-tieterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterDcyclylalkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(alkyi) groups, substituted and 
unsubstituted -C(=0)-N(alkyt)2 groups, substituted and 
unsubstituted -C(=0>^(H)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N(H)(iieterocyclyl) groups, 
-C(=0)-N(H)(heterocyclylalkyl) groups, -CO2H, substituted and 
unsubstituted -C(-0)-0-alkyl groups, substituted and 
urisubstituted -C(=0)-0-heterocyclyt groups, or substituted and 
unsubstituted -C(=OH>-heterocyclylalkyl groups; 

and are independentiy selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted alkynyl groups having fioom 1 to 8 cart>on 
atoms, substituted and unsubstituted aryl groups, substituted 
and unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocydylalkyl groups, SH, substituted and unsubstituted -S- 
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alkyl groups, substituted and unsubstituted -S-aryl groups, 
substituted and unsubstituted -S-aralkyI groups, substituted and 
unsubstituted -S(=0)2-0-all<yl groups, substituted and 
unsubstituted -S(=0)2-all<yl groups, substituted and 
unsubstituted -S(=0)2-heterocyclyl groups, substituted and 
unsubstituted -S(=0)-all<yl groups, substituted and unsubstituted 
-S(=0)-Iieterocyclyl groups. -S(=0)rNH2, substituted and 
unsubstituted -S(=0)2-N(H)(all<yi) groups, substituted and 
unsubstituted -S(=0)2-N(allcyl)2 groups, substituted and 
unsubstituted -S(=0)2-N(H)(aryl) groups, substituted and 
unsubstituted -S(=0)2-N(allcyl)(aryl) groups, substituted and 
unsubstituted •^(=0)2-N(aryl)2 groups, substituted and 
unsubstituted -S(=0)rN(H)(arallcyl) groups, substituted and 
unsubstituted -S{=0)2-N(ail<yl)(arall(yl) groups, substituted and 
unsubstituted -S(-0)2-N(aralicyl)2 groups, -OH. substituted and 
unsubstituted alkoxy groups, substituted and unsubstftuted 
aryioxy groups, substituted and unsubstituted arylalkoxy groups, 
substituted and unsubstituted heterocydyioxy groups, 
substituted and unsubstituted heterocydylalkoxy groups. -NI-I2. 
substituted and unsubstituted -N(H)(alkyl) groups, substituted 
and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(alkyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -N(araikyl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N{H)(lieterocyclylalkyl) groups, substituted and 
unsubstituted -N{alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
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unsubstituted -N(H)-S(=0)2-alkyl groups, substituted and 
unsubstituted -N{H)-S(=0)raryl groups, substituted and 
unsubstituted -N(H)-S(=0)2-aralkyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-iieterocyclyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-iieterocydylalkyl groups, substituted 
and unsubstituted -N(H)-C(=0)-alky} groups, substituted and 
unsubstituted -N(H)-C(=0)-aryl groups, substituted and 
unsubstituted -N(H)-C(=0)-arall<yl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclylall<yl groups, substituted 
and unsubstituted -N(all<yl)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-aryl groups, substituted and 
unsubstituted -N(aikyl)-C(=0)-arallcyl groups, substi'tuted and 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-heterocyclylalkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)2-alkyl groups, 
substituted and unsubstituted -N(alky!)-S(=0)2-aryl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)2-aralkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)2-iieterDcyclyl 
groups, substituted and unsubsta'tuted 
-N(alkyl)-S(=0)2-lieterocyclylalkyl groups, -N(H)-C(=0)-NH2, 
substituted and unsubstituted -N(HH)(=0)-N(H)(alkyO groups, 
substituted and unsubstituted -N(H)-C(=0>-N(alkyl)2 groups, 
substituted and unsubstituted -N(l-l)-C(=0)-N(HKaryl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(alkyl)(aryl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(aryl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-N{H)(aralkyl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(alkyl)(araIkyl) 
groups, substituted and unsubstituted -N(H)-C(=0)-N{aralkyl)2 
groups, substi'tuted and unsubstituted 
-N(H)-C(=0)-N(HXIieterocyclyl) groups, substituted and 
unsubstituted -N(H)-C(=0)-N(alkyl)(iieterocyclyl) groups. 
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substituted and unsubsfrtuted -N(H)-C(=0)-N(heterocydyl)2 
groups, substituted and unsubstituted 
-N(H)-C(=0)-N(HXheterocyclylalkyl) groups, substituted and 
unsubstituted -N(H)-C(=0)-N(alkyl)(heterDcyclylalkyl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(heterocyclylallcyl)2 
groups, substituted and unsubstituted -N(alkyl)-C(=0)-NH2 
groups, substituted and unsubstituted 
-N(all<yt)-C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -N(all<yl)-C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -N(alky!)-C(-0)-N(H)(aryl} groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-N(alkyl)(aryl) groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-N(aryi)2 groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-N(H)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)-C(=0)-N(alkyi)(aralkyl) 
groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-N(airaikyl)2 groups, substituted and 
unsubstituted -N(alkyl>-C(=0>-N(H)(heterocyclyI) groups, 
substituted and unsubstituted 

-N(aikyl)-C(=0)-N(alkyl)(iieterocydyl) groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-N(heterocyclyl)2 groups, 
substituted and unsul^stituted 

-N(alkyl)-C(=0)-N(H)(iieterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-N(alkyl)(heterocyclylalkyl) groups, 
substituted and unsubstituted 

-N(a!kyl)-C(=0)-N(lieterocyclylalkyl)2 groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-aryl groups, substituted and unsubstituted -C(=0)-aralkyl 
groups, substituted and unsubstituted -C(=OHieterocyclyf 
groups, substituted and unsubstituted -C(=0)-heterocyclylalkyl 
groups, -C(=0)-NH2, substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)2 groups, substituted and unsubstituted 
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-C(=0)-N(H)(aryl) groups, substituted and unsubstHuted 
-C(=0)-N(alkyl)(aryl) groups, substituted and unsubstituted 
-C{=0)-N(afy')2 groups, substituted and unsubstituted 
-C(=0)-N(H)(aralltyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(aralkyl) groups, substituted and unsubstituted 
-C(=0)-N(arall<yl)2 groups, substituted and unsubstituted 
-C(=0)-N(H)(lieterocyclyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N{heterocyclyl)2 groups, substituted and 
unsubstituted -C(=0)-N(HKheterocyclylalkyl) groups, substituted 
and unsubstituted -C(=0)-N(alkyl)(heterocyclylaIkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyclylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-aryl groups, 
substituted and unsubstituted -C(=0)-0-heterocyclyl groups, or 
substituted and unsubstituted -C(=0>0-heterocyclylalkyl 
groups; 

R* is selected from -H, -F, -CI, -Br, -I, -CN, -NO2. substituted and 
unsubstituted alkyi groups liaving from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 8 
cartjon atoms, substituted and unsubstituted alkynyl groups 
having from 1 to 8 caribon atoms, -SH, substituted and 
unsubstituted -S-alkyI groups, sul)stituted and unsubstituted 
-S(=0)2-0-alkyl groups, substituted and unsubstituted 
-S(=0)2-alkyl groups, substituted arid unsubstituted -S(=0)-alkyl 
groups, -S(=0)2-NH2, substituted and unsubstituted 
-S(=0)2-N(H)(alkyl) groups, substituted and unsubstituted 
-S(=0)2-N(alkyl)2 groups. -OH, substituted and unsubstituted 
alkoxy groups, -NH2, substituted and unsubstituted -N(HXalkyl) 
groups, substituted and unsubstituted -N(aikyl)2 groups, 
substitjted and unsubstituted -N(H)-C(=0)-alkyl groups, 
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substltuted and unsubstituted -N(H)-S(=0)-alkyl groups, 
-C(=0)-NH2, substituted and unsubstituted -C(=0)-N(H)(aIkyl) 
groups, substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
or substituted and unsubstituted -C(=0)-0-all<y! groups; 

and R® are independentiy selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2. substituted and unsubstituted straight and branched 
chain alkyi groups, having from 1 to 8 carbon atoms, substituted 
and unsubstituted alkenyl groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted alkynyl groups having from 
1 to 8 carbon atoms, substituted and unsubstituted heterocyclyl 
groups, -SH, substituted and unsubstituted -S-alkyI groups, 
substituted and unsubstihjted -S(=0)2-0-alkyl groups, 
substituted and unsubstituted -S(=0)2-alM groups, substituted 
and unsubstituted -S(=0)-alkyl groups, -S(=0)2-NH2, substituted 
and unsubstituted -S(=0)2-N(HXalkyl) groups, substibrted and 
unsubstituted -S(=0)2-N(alkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, -NH2, substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-S(=0)-alkyl groups. -C(=0>-NH2. substituted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, or substituted and 
unsubstituted -C(=0)-0-alkyl groups; or R® may be absent if A Is 
nitrogen; or R° may be absent if D is nitix)gen; 

R® and R^ are independentiy selected from -H, -F, -CI, -Br, -I, 
-N02, -CN, substituted and unsubstituted alkyI groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 cart)on atoms, substituted 
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and unsubstituted alkynyl groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocyclyl groups, 
substituted and unsubstituted heterocyclylalkyi groups, -SH, 
substituted and unsubstituted -S^alkyl groups, substituted and 
unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-alkyl groups, substituted and 
unsubstituted -S(=0)2-fieterocyclyl groups, substituted and 
unsubstituted -S(=0)-alkyl groups, substitijted and unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)2-NH2, substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substitijted and 
unsubstituted -S(=0)2-N(dlkyl)2 groups, substitijted and 
unsubstituted -S(=0)rN(H)(heterocydyi) groups, substituted 
and unsubstitiJted -S(=0)rN(alkyl)(heterocyclyl) groups, 
substituted and unsubstituted -S(=0)z-N(heterocyclyl)2 groups, 
substituted and unsubstituted -S(=0)rN(H)(heterocyclylalkyi) 
groups, substitijted and unsubstituted 
*S(=0)2-N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -S(=0)2-N(heterocyclylalkyl)2 groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted aryloxy groups, substitijted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heterocyclyloxy 
groups, substituted and unsubstituted lieterocyclylalkoxy 
groups, -NIH2, substitijted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substitijted and 
unsubstituted -N(l-I)(aryi) groups, substituted and unsubstituted 
-N(aikyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substitijted and unsubstituted -N(H)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstitiJted -N(H)(heterocyclyl) groups, substitijted and 
unsubstitiJted -N(aIkyl)(heteroc;yclyj) groups, substitijted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
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unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(lieterDcyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-S(=0)rall<yl groups, substituted and 
unsubstituted -N(H)-S(=0)2-heterocycly1 groups, substituted and 
unsubstituted -N(H)-S(=0)2-heterocydyla[l<yl groups, substituted 
and unsubstituted -N{H)-C(=0)-all<yl groups, substituted and 
unsubstituted -N(H><i(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-lieterocycIylall<yl groups, substituted 
and unsubstituted -N(all<yl)-C(=0)-all<yl groups, substituted and 
unsubstituted -N(all«yl)-C(=0)-lieterocyclyl groups, substituted 
and unsubstituted -N(all<yl>C(=0)-heterocyclylall<yl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)2-all<yi groups, 
substituted and unsubstituted -N(all<yl)-S(=0)2-heterocyclyt 
groups, substituted and unsubstituted 
-N(alkyl)-S(=0)2-heterDcyclylalltyl groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-heterx}cyclyl groups, substituted and unsubstituted 
-C(=0>heterocyclylalkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C{=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(araIkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aralkyl) groups, substituted and 
unsubstituted -C(=0>-N(aralkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(iieterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(iieterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(lieterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(lieterocyclyIalkyl) 
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groups, substituted and unsut>strtuted 
•C(=0)-N(heterocyclylalkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0>-0-alkyl groups, substituted and 
unsubstituted -C(=0)-0-heterocyclyl groups, or substituted and 
unsubstituted -C(=0)-0-heterocyclylalkyl groups; or may be 
absent if B is nitrogen; or may be absent if C is nitrogen; 

R^ is selected from -H, substituted and unsubstituted alley! 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted aryl groups, substituted and unsubstituted aralkyi 
groups, substituted and unsubstituted heterocyclyl groups, 
substituted and unsubstituted heterocyclylalkyl groups, 
substituted and unsubstituted heterocyclylaminoalkyi groups, 
substituted and unsubstituted alkoxy groups, or -Ni-i2. or R^ and 
join togetlier to fbmi one or more rings, each having 5, 6, or 
7 ring members; and 

R^^ is -H, or R^ and R^° Join together to fonm one or more rings, 
each having 5, 6, or 7 ring members. 

[0043] In some embodiments of the metiiod of inhibiting a 
serine/threonine kinase using a compound of Structure I, a tautomerof the 
compound, a phamnaceutically acceptable salt of the compound, a 
phanmacajtically acceptable salt of tiie tautomer, or mixtures thereof, ttie 
serine/threonine kinase Is selected from glycogen synthase kinase 3, cyclin 
dependent kinase 2, cyclin dependent kinase 4, MEK1, NEK-2, CHK2, CKIe, 
Raf, checkpoint kinase 1, ribosomal S6 kinase 2, or PAR-1. 



1 
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[0044] 



Tyrosine Kinase inhibition 
In another aspect, the present invention provides a method of 



inhibiting a tyrosine kinase in a subject and/or a method of treating a 
biological condition mediated by a tyrosine kinase in a subject. The tyrosine 
kinase is Cdc2 kinase, Fyn, Lck, c-KIt, p60src, c-ABL, VE6FR3, PDGFRa, 
l=>DGFRp, FGFR3, FLT-3, or Tie-2. In some embodiments, the tyrosine 
kinase is Cdc2 kinase, Fyn, Lck, or Tie-2 and in some other embodiments, the 
tyrosine kinase is c^Kit, c-ABL, p60src, VEGFR3, PDGFRa, PDGFRp, 
FGFR3. or FLT-3. The methods include administering to the subject a 
compound of Structure I, a tautomer of the compound, a pharmaceutically 
acceptable salt of the compound, a phannaceutically acceptable salt of the 
tautomer, or mixtures thereof. In the method of inhibiting a tyrosine kinase, 
the tyrosine kinase is inhibited In the subject after administration. Stmcture I 
has tiie following fonmula: 




where, 



A, B, C, and D are independently selected from carbon or 
nitrogen; 
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is selected from -H, -F. -CI, -Br, -I. -CN, -NO2, substituted and 
unsubstltuted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and 
unsubstrtuted heterocyclyl groups, substituted and unsubstituted 
heterocydylalkyl groups, -SH, substituted and unsubstituted 
-S-alkyI groups, substituted and unsubstituted -S-heterocyclyl 
groups, -OH, substituted and unsubstituted aikoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyclylalkoxy groups, -NH2, 
substituted and unsubstituted -N(H)(alkyl) groups, substituted 
and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstrtuted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstrtuted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclylalkyi) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0>-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclylalkyl groups, substituted 
and unsubstituted -N(alkyl)-S(=0)2-alkyl groups, substituted and 
unsubstrtuted -N(alkyl)-S(=0)2-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-S(=0)2-heterocyclylalkyl groups, 
substituted and unsubstituted -C(=0)-alkyl groups, substituted 
and unsubstituted -C{=0)-heterocyclyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, 
substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocyclyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyclyl) 
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groups, substituted and unsubstituted -C(=0>-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclylall<yt) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyclylall<yl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-0-heterocyclylall«yl groups; 

and are independently selected from -H, -F, -CI, -Br, -I, 
-NO2. -CN. substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryt groups, substituted and unsubstituted 
araikyi groups, substituted and unsubstituted heterocydyl 
groups, substituted and unsubstituted heterocyclylalkyi groups. 
-SH, substituted and unsubstituted -S-alkyI groups, substituted 
and unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)?-alkyl groups, substituted and 
unsubstituted -S(=0)2-heterocycIyJ groups, -S(=0)2-NH2. 
substituted and unsubstituted -S(=0)2-N(H)(alkyl) groups, 
substituted and unsubstituted -S(=0)2-N(alkyl)2 groups, 
substituted and unsubstituted -S(=0)-alkyl groups, substituted 
and unsubstituted -S(=0)-heterocyclyl groups, -OH, substituted 
and unsubstituted alkoxy groups, substituted and unsubstituted 
aryloxy groups, substituted and unsubstituted heterocyciyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(HXaryl) groups, substituted and unsubstituted 
-N(alkyl)(aryl) groups, substituted and unsubsb'tuted -N(aryl)2 
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groups, substituted and unsubsfituted -N(H)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -N(arall<yl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstitijted -N(H)-C(=0)-alkyi groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-aryl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-aryl groups, substituted and 
unsubstituted -N(H)-C(=0)-aralkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-aralkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(a!kyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(H)-C(=0)-heterocyclylalkyl groups, 
substituted and unsubstituted -N(alkyl)-C(=0)-heterocyclylalkyl 
groups, substituted and unsubstituted -N(H)-S(=0)2^lkyl 
groups, substituted and unsubstituted -N(H)-S(=0)2-aryl, 
substituted and unsubstituted -N(H)-S(=:0)2-heterocyclyl groups, 
substituted and unsubstituted -C(=0)-alkyl groups, substituted 
and unsubstituted -C(=0>-aryi, substituted and unsubsta'tuted 
-C(=0)-aralkyl, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyc[ylalkyl groups, -C(=0>-NH2, substituted and 
unsubstituted -C(=0>-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl){aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
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unsubstituted -C(=0)-N(H)(aralkyt) groups, substituted and 
unsubstituted -C(-0)-N(alkyl)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N(aralkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(lieterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(a!kyl)(heterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(lieterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heterocyc!ylalkyl) groups, 
subsfituted and unsubstituted -C(=0)-N(all<yl)(heteroGyclylall<yl) 
groups, substituted and unsubstituted - 
C(=0)-N(heterocydylall<yi)2 groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-all<yl groups, C(=0)-0-aryl groups - 
C(=0)-0-aralkyl groups, substituted and unsubstituted 
-C(=0)-0-heterocyciyl groups, or substituted and unsubstituted 
-C(=0)-0-lieterocyclylallcyl groups; 

is selected from -H or substituted and unsubstituted allcyl 
groups iiaving from 1 to 12 carbon atoms; 

and R® are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyi groups iiaving 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 cart)on atoms, substituted 
and unsubstituted heterocydyl groups, substituted and 
unsubstituted heterocydylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, substituted and unsubstituted 
heterocydylalkoxy groups; or R® may be absent if A is nitrogen; 
or R° may be absent if D is nitrogen; 

R® and R^ are independently selected ftom -H, -F, -CI, -Br. -I, 
-CN. -NO2, substituted and unsubstituted alkyI groups having 
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from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyt groups having finom 1 to 12 carbon atoms, substituted 
and unsubstituted aryt groups, substituted and unsubstituted 
ary!al<yl groups, substituted and unsubstituted heterocydyl 
groups, substituted and unsubstituted iieterocyclylalltyl groups, 
-SH, substituted and unsubstituted -S-all<yl groups, substituted 
and unsubsb'tuted -S-lieterocycly! groups, -S(=0)2-NH2, 
substituted and unsubstituted -S(=0)2-N(H)(all<yl) groups, 
substituted and unsubstituted -S(=0)2-N(all<yl)2 groups, -OH, 
substituted and unsubstituted all«)xy groups, substituted and 
unsubstituted iieterocydyioxy groups, substituted and 
unsubstituted lieterocyclylall<oxy groups, -NHa, substituted and 
unsubstituted -N(H)(all<yl) groups, substituted and uhsubstituted 
-N(allcyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclyi) groups, substituted and unsubstituted 
-N(all<yl)(heterocyclyl) groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(l-l)(heterocyclyiall(yl) groups, substitijted and unsubstituted 
-N(allcyl)(heterocyclylallcyl) groups, substituted and unsubstituted 
-N(heterocyclylall(yt)2 groups, substitijted and unsubstituted 
-N(H)-C(=0)-allcyl groups, substituted and unsubstituted 
-N(l-l)-C(=0)-heterocyclyl groups, substituted and unsubstihJted 
-NCHH^C'O^lieterocyclylallcyl groups, substituted and 
unsubstituted -N(allcyl)-C(=0)-an<yl groups, substituted and 
unsubstituted -N(allcyl)-C(=0)-hetero(^clyl groups, substitijted 
and unsubstituted -N(alIcyl)-C(=0)-heterocyclylallcyl, substitijted 
and unsubstihJted -N(H)-S(=0)2-all<yl groups, substitijted and 
unsubstituted -N(H)-S(=0)2-lieterocyclyl groups, substitijted and 
unsubstituted -N(H)-S(=0)2-iietere)cyclylaHcyl groups, substituted 
and unsubstituted -C(=0)-all(yl groups, substituted and 
unsubstituted -C(=0)-heterocyclyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylall<yl groups. -C(=0)-NH2, 
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substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocyclyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl){lieterocyclyl) 
groups, substituted and unsubstituted -C(=0)-N(heterocyclyl)2 
groups, substituted and unsubstituted 
_C(=0)-N(H)(iieterocyclylalltyl) groups, substituted and 
unsubstituted -C(=0)-N(alkylKheterocyclylallcyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyclylall<yl)2 
groups, -CO2H, substituted and unsubstituted -C(=0>-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-0-heterocyclylall<yl groups; or is absent if B Is 
nitrogen; or is absent if C is nitrogen; 

R^ is selected firom -H, substituted and unsubstituted alkyi 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups having from 1 to 1 2 carbons, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyl groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heteroc^clylalkyl groups, -OH, substituted and unsubstituted 
alkoxy groups, substituted and unsubstituted heterocydyloxy 
groups, -NH2, or substituted and unsubstituted 
hetero(^clylaminoalkyl; and 

R^°is-H. 

[0045] The present invention further provides mettiods of inhibiting 
serine/ttireonine kinases and tyrosine kinases and treating biological 
conditions mediated by such kinases using compounds of Structure IB. In 
some such embodiments, the Invention provides a method of inhibiting GSK-3 
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and treating biological conditions nnediated by GSK-3 in a subject. The 
invention also provides the use of a compound of Structure IB in preparing a 
medicament for use in inhibiting a serine/threonine kinase such as GSK-3 or a 
tyrosine kinase in a subject and/or for use in treating a biological condition 
mediated by a serine/threonine kinase such as GSK-3 or a tyrosine kinase. In 
one aspect a method of inhibiting a serine/threonine kinase or a tyrosine 
kinase or treating a biological condition mediated by a serine/threonine kinase 
or a tyrosine kinase includes administering to the subject a compound of 
Structure IB, a tautomer of the compound, a phamnaceutically acceptable salt 
of the compound, a phannaceutically acceptable salt of the tautomer, or 
mbctures thereof. In some embodiments, a kinase such as a serine/threonine 
kinase such as GSK-3 or a tyrosine kinase is Inhibited in the subject after 
administration. Structure IB has tiie following fbmfiula: 



A, B, C, and D are independentiy selected from carbon or 
nitrogen; 

W, X, Y, and Z are independentiy selected from the group 
consisting of carbon and nitrogen and at least one of W, X, Y, 
and Z is a nitrogen; 

is selected from -H. -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alkyi groups having 




IB 



where: 
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from 1 to 8 caibon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted all«ynyl groups having from 1 to 8 cait)on atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted all<oxy 
groups, substituted or unsubstituted -S-ailtyl groups, substituted 
or unsubstituted -S(=0)2-0-all<yl groups, substituted or 
unsubstituted -S{=0)2-all<yl groups, substituted or unsubstituted 
-S(=0)-all<yi groups, -S(=0)-NH2, substituted or unsubstituted 
-S{=0)-N(HXallcyl) groups, substituted or unsubstituted 
-S(=0)-N(aJlcyl)2 groups, -C(=0)-NH2, substituted or 
unsubstituted -C(=0)-N(H)(all<yl) groups, substituted or 
unsubstituted -C(=0)-N(alltyl)2 groups, substitiJted or 
unsubstifajted -C(=0)-0-all<yl groups, -NH2, substituted or 
unsubstituted -N(H)(allcyl) groups, substituted or unsubstituted 
-N(all«yl)2 groups, substituted or unsubstituted -N(H)-C(=0)-all<yl 
groups, or substituted or unsubstituted -N(H)-S(=OHill«yl 
groups; or R"* may be absent if W is nitrogen; 

r2 is selected -H, -F, -CI, -Br, -I, -NO2, -CN. -NH2. -CO2H. -OH, 
substituted or unsubstituted straight or branched chain alkyi 
groups having firom 1 to 8 carbon atoms, substituted or 
unsubstituted cycloalkenyl groups, substituted or unsubstituted 
c^cloalkyi groups, substituted or unsubstituted alkoxy groups, 
substituted or unsubstituted -N(H)(alkyl) groups, substituted or 
unsubstituted -N(alkyl)2 groups, substituted or unsubstituted 
heterocydyl groups, substituted or unsubstitijted aryl groups, 
substituted or unsubstituted alkenyl groups having from 1 to 8 
carbon atoms, substituted or unsubstitijted all^yl groups 
having frtHn 1 to 8 carbon atoms, -SH, substituted or 
unsubsti'tuted -S-alM groups, substihjted or unsubstitijted 
-S(=0)2-0-alkyl groups, substituted or unsubstituted 
-S(=0)2-alkyl groups, substi'tuted or unsubstitijted 
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-S(=0)2-heterocyclyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)-NH2, substituted or 
unsubstituted -S(=0)-N(H)(alkyl) groups, substituted or 
unsubstitiJted -S(=0>N{alkyl)2 groups, -C(=0}-NH2, substifejted 
or unsubstrtuted -C{=0)-N(H)(alkyl) groups, substrtuted or 
unsubstitiJted -C(=0)-N(alkyl)2 groups, substiUjted or 
unsubstituted -C(=0>-alkyl groups, substihJted or unsubstrtuted 
-C(=0)-heterocyclyl groups, subst'rtuted or unsubstftuted 
-C(=0)-0-alkyl groups, substituted or unsubstituted 
-N(H)-C(=0)-alkyl groups, substrtuted or unsubstitiJted 
-N(H)-C(=0)-heterocyclyl groups, substituted or unsubstitiJted 
-N(H)-S(-0)-alkyl groups, substihJted or unsubstitiJted 
-N(H)-S(=0)-iieterocyclyl groups, -N(alkyl>C(=0)-alkyl groups, 
substihJted or unsubstitiJted -N(alkyl)-C(=0)-iieterocyclyl groups, 
substihJted or unsubstitiJted -N(alkyl)-S{=0)-alkyl groups, 
substihJted or unsubstitiJted -N(alkyl)-S(=0)-Iieterocyclyl groups, 
-N(H)-C(=0)-NH2. substihJted or unsubstihjted 
-N(H)-C(=0)-N(HKalkyl) groups, subst'rtuted or unsubstitiJted 
-N(H)-C(=0)-N(alkyl)2 groups, -N(alkyl)-C(=0)-NH2, substihJted 
or unsubstituted -N(alkyl)-C(=0>-N(H)(alkyl) groups, or 
substihJted or unsubstitiJted -N(alkyl)-C(=0)-N(alkyl)2 groups; or 
and may join together to form a cyclic group when X and 
Y are botii carbon; or R^ may be absent if X is nitnogen; 

is selected from -H, -F, -CI, -Br, -I, -OH, substihJted or 
unsubstitiJted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstitiJted alkoxy 
groups, -CO2H. -CN, substituted or unsubstitiJted -N(HXalkyl) 
groups, substitiJted or unsubstituted -N(IH)(cycloalkyl) groups, 
substituted or unsubstitiJted -N(alkyl)2 groups, substihxted or 
unsubstituted heterocydyi groups, substituted or unsubstituted 
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aryl groups, substituted orunsubstltuted -C(=0>heterocyclyl 
groups, substituted orunsubstltuted -C(=0)-alkyl groups, 
substituted or unsubstituted .C(=0)-N(H)(alkyl) groups, 
substituted or unsubstituted -C(=0)-N(alkyl)2 groups, 
-C(=0)-NH2 groups, substituted or unsubstituted 
-C(=0)-N{H)(heterocyclyl) groups, substituted or unsubstituted 
-C(=0)-N(H)(aryl) groups, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted allcynyl groups having from 1 to 8 carbon atoms, 
-NO2, -SH, substituted or unsubstituted -S-allcyl groups, 
substituted or unsubstituted -S(=0)2-0-alkyl groups, substituted 
orunsubstltuted -S(-0)2^lkyl groups, substituted or 
unsubstituted -S(=0)2-heterocyclyl groups, substituted or 
unsubstituted -S(=OMkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)-NH2, substituted or 
unsubstituted -S(=0)-N(HXalkyl) groups, substituted or 
unsubstituted -S(=0)-N(aikyl)2 groups, substituted or 
unsubstituted -C(=0)-0-alkyl groups, -NH2. substituted or 
unsubstituted -N(H)-C(=0)-alkyl groups, sul*5tltuted or 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted or 
unsubstituted -N(H)-S(=0)-alkyl groups, substituted or 
unsubstituted -N(H)-S(=0)-heterocyclyl groups, substituted or 
unsubstituted -N(alkyl)-C(*0)-alkyl groups, substituted or 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substituted or 
unsubstituted -N(alkyl)-S(=0)-alkyl groups, substituted or 
unsubstituted -N(alkyl^S(=0)-heterocyclyl groups, 
-N(H)-C(=0)-NH2. substituted or unsubstituted 
-N(H)-C(=0>-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)-C(=0)-N(alkyl)2 groups, -N(alkyl)-C(=0)-NH2, substituted 
or unsubstituted -N(alkyl)-C(=0)-N(H)(alkyl) groups, or 
substituted or unsubstituted -N(alkyl)-C(=0)-N(alkyl)2 groups; or 
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and may join together to form a cyclic group when X and 
Y are both carlxjn; or R^ may be at)sent if Y Is nitrogen; 

R* is selected from of -H, -F, -a, -Br. -I, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 caibon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2. -OH, -SH, substituted or unsubstituted alkoxy 
groups, substituted or unsubstituted -S-alkyI groups, substituted 
or unsubstituted -S(=0)2-0-alkyl groups, substituted or 
unsubstituted -S(=0)2-alkyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, -S(=0)-NH2, substituted or unsubistituted 
-S(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N{alkyl)2 groups, -C{=0)-NH2. substituted or 
unsubstituted -C(=0)-N{H)(alkyl) groups, substituted or 
unsubstifcjted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstitijted -C(=0)-0-alkyl groups, -NH2, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C{=0)-alkyl 
groups, or substituted or unsubstituted -N(H)-S(=0)-alkyl 
groups; or R* may be absent if Z is nitrogen; 

r5 Is selected from -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alkyI groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted 
heterocyclyl groups, substituted or unsubstitijted alkenyl groups 
having from 1 to 8 carbon atoms, substituted or unsubst'rtuted 
alkynyl groups having from 1 to 8 carbon atoms, -CN, -NO2, 
-OH, -SH, substitiJted or unsubstituted alkoxy groups, 
substrtuted or unsubstitijted -S^lkyl groups, substitiJted or 
unsubstituted -S(=0)2-0-alky! groups, substituted or 
unsubstituted -S(0)2-alkyl groups. substitiJted or unsubstitijted 
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_S(=o>-alkyl groups, -S(=0)-NH2, substituted or unsubstituted 
^(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(alkyl)2 groups, -C(=0)-NH2. substituted or 
unsubstituted -C{=0)-N(H)(all<yl) groups, substituted or 
unsubstituted -C(=0)-N(all<yl)2 groups, substituted or 
unsubstituted -C(=0)-0-all<yl groups, -NH2, substituted or 
unsubstituted -N(H)(all<yl) groups, substituted or unsubstituted 
-N(allcyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-all<yl 
groups, or substituted or unsubstituted -N(H)-S(=0)-aIltyl 
groups; or may be absent if A is nitrogen; 

is selected from -H, -CI, -F, -Br. -OH, substituted or 
unsubstituted heterocyclyl groups, substituted or unsubstituted 
-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N(alkyl)(heterocydyl) groups, substituted or unsubstituted ■ 
alkoxy groups, substituted or unsubstituted alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 cartxjn atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted -S-alkyI 
groups, substituted or unsubstituted -S(=O)2-0-alkyl groups, 
substituted or unsubstituted -S(=0)2-alkyl groups, substihrted or 
unsubstitiJted -S(=0)2-heterocyclyl groups, substituted or 
unsubstituted -S(=0)-alkyl groups, substituted or unsubsfrtuted 
-S(=0)-heterocyclyl groups, -S(=0)-NH2, substituted or 
unsubstitiJted -S(=0)-N(H)(alkyl) groups, substituted or 
unsubstitiJted -S(=0)-N(alkyl)2 groups, -C{=0)-NH2, substiteted 
or unsubstituted -C(=0)-N(H)(alkyl) groups. substihJted or 
unsubstitiJted -C(=0)-N(alkyl)2 groups, substi'tijted or 
unsubstituted -C(=0)-alkyl groups, substihited or unsubstitiJted 
-C(=0>-heterocyclyl groups, sut)stituted or unsubstituted 
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-C(=0)-0-alkyl groups, -NH2, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0>-alkyl 
groups, substituted or unsubstituted -N(H)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(alkyl)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(alkyl)-C{=0)-heterocyclyl 
groups, substituted or unsubstituted -N(H)-S(=0)-alkyl groups, 
substituted or unsubstituted -N(H)-S(=0)-heterocydyl groups, 
substituted or unsubstituted -N(alkyl)-S(=0)-alkyl groups, or 
substituted or unsubstituted -N(alkyl)-S(=0)-heterocyclyl groups; 
or R® nfiay be absent if B is nitrogen: 

is selected from -H, -CI, -F, -Br, -OH. substituted or 
unsubstituted iieterocyciyl groups, substituted or unsubstituted 
-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N{alkyl)(heterocyclyl) groups, substituted or unsubstituted 
alkoxy groups, substituted or unsubstituted alkyi groups liaving 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted -S-alkyI 
groups, substituted or unsubstituted -S(=0)2-0-alkyl groups, 
substituted or unsubstituted -S(=0)ralkyl groups, substituted or 
unsubstituted -S{=0)2-heterocyclyl groups, substituted or 
unsubstituted -S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0>NH2. substituted or 
unsubstituted -S(=0)-N(HXalkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted 
or unsubstituted -C(=0)-N(H){alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-alkyl groups, substituted or unsubstituted 
-C(=0)-heterocyclyl groups, substituted or unsubstituted 
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-C(=0)-0-alkyl groups, -NH2, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(H)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(all<yl)-C(=0>-allcyl 
groups, substituted or unsubstituted -N(all<yl)-C(=0)-lieterocyclyl 
groups, substituted or unsubstituted -N(H)-S(=0)-all<yl groups, 
substituted or unsubstituted -N(H)-S(=0)-heterocyciyl groups, 
substituted or unsubstituted .N(all<yl)-S(=0)-all<yl groups, or 
substituted or unsubstituted -N(alkyl>^(=0)-fieterocyclyl groups; 
or may be absent if C is nitrogen; 

is selected from -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted 
heterocyclyl groups, substituted or unsubstituted alkenyl groups 
having from 1 to 8 carbon atoms, substituted or unsubstituted 
alkynyl groups having from 1 to 8 caribon atoms, -CN, -NO2, 
-OH, -SH, substituted or unsubstituted alkoxy groups, 
substituted or unsubstituted -S-alkyI groups, substituted or 
unsubstituted -S(=0)rO-alkyl groups, substituted or 
unsubstituted -S(=0)ralkyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, -iS(sO)-NH2, substituted or unsubstituted 
-S(=0>-N(HKalkyl) groups, substituted or unsubstituted 
-S(=0>-N(alkyl)2 groups, -C(=0)-NH2. substituted or 
unsubstituted -C(=0)-N(H)(aikyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-0-alkyl groups, -NH2, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, or substituted or unsubstituted -N(H)-S(=0)-alkyl 
groups; or R^ may be absent if D is nitrogen; 
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R® Is selected from of substituted or unsubstituted heterocyclyl 
groups, substituted or unsubstituted aryl groups, substituted or 
unsubstituted alkoxy groups, -NH2, substituted or unsubstituted 
cydoalkyl groups, or substituted or unsubstituted straight or 
branched chain alkyi groups having from 1 to 8 carbon atoms, or 

and R^" join togettier to form a ring having 5, 6. or 7 ring 
members; or 

R^° is -H. or R^ and R^" join together to fomn a ring having 5. 6, 
or 7 ring members. 

[0046] The Invention further provides the use of tiie compounds of 
Stmcture i and IB. tautomers of the compounds, pharmaceutlcally acceptable 
salts of the compounds, pharmaceutically acceptable salts of the tautomeis, 
and mixtures tiiereof In the preparation and manufacture of medicaments for 
inhibiting any of tiie serineAhreonine kinases or tyrosine kinases or for use in 
treating any biological conditions mediated by such kinases, in some 
embodiments, ttie compounds may be used to prepare medicaments in 
containers such as vials, ampoules, or other pharmaceutical formulation 
storage devices and such storage devices may include labels which may 
Include directions for application such as directions for inhibiting a kinase or 
directions for treating a subject that has a biological condition mediated by a 
kinase. 

[0047] The Invention also provides novel compounds of Stmcture I and 
IB that may be used to inhibit ttie kinases described herein or may be used to 
treat biological conditions mediated by such kinases. 

[0048] Furttier objects, features and advantages of ttie invention will be 
apparent from the foltowing detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] FIG. 1 1s a graph of tumor growth inhibition In the presence of 4- 
amino-5-fluoro-3-[5-(4-methylplperazin-1 -yl)-1 H-benzimidazol-2-yl]quinolln- 
2(1 H)-one In the KM1 2L4a colon tumor model In nu/nu mice. 

[0050] FIG.- 2 is a graph of inhibition of anglogenesis in the presence of 
4-amino-5-fluoro-3-l5-(4-methylpiperazln-1-yl)-1H-benzimidazol-2-yl]quinoiln- 

2(1H)-one In the in vivo matrigel angiogenesis model. 

[0051] FIG. 3 is a graph of tumor growth inhibition in the presence of 4- 
amino-5-fluoro-3-[5-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-yliqulnoIin- 
2(1 H)-one administered intemfiittently in the PC3 human prostate tumor model 
in SCID mice. 

[0052] FIG. 4 is a graph of tumor growth inhibition in the presence of 4- 
amlno-5-fluoro-3-[5-(4-me1hylplperazln-1-yl)-1H-benzlmldazol-2-yQqulnolin- 

2(1H)-one. 

[0053] FIG. 5 is a graph of tumor growth inhibition in the presence of 1 0 
mg/kg/d 4-amino-5-fluort>3-(5-{4-methylplperazin-1 -yl)-1 H-benzimidazol-2- 
yl]qulnolln-2(1H)-one administered In combination with irinotecan In the 
KM12L4a colon tumor model in nu/nu mice. 

[0054] FIG. 6 Is a graph of tumor growth inhibition in the presence of 50 
mg/kg/d 4-amino-5-fluor^3-[5-(4-methylpiperazin-1-yl)-1 H-benzimidazol-2- 
yriquinorm-2(1H)-one administered in combination with irinotecan in the 
KM1 2L4a colon tunrwr model in nu/nu mice. 

[0055] FIG. 7. is a graph of tumor growth inhlbitfon In the presence of 
50 mg/kg/d 4-amino-5-fIuoro-3-[5-(4-methylpiperazin-1-yl>-1H-benzlmldazol-2- 
yl]quinolin-2(1H)-one administered In combinatfon with trastuzumab in the 
erbB2-overexpresslng ovarian tumor model, SKOV3lp1 . 
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[0056] FIG. 8 is a graph of tumor growth Inhibition in the presence of 50 
WQikQtd 4-amlno-5-fluoro-3-[5-(4-methylpiperazin-1-yl)-1 H-ben2imldazol-2- 
yQquinolin-2(1H)-one administered in combination with ZD1839 in the A431 
epidennoid tumor model. 

[0057] FIGS. 9A and 9B are graphs showing inhibition of VEGF- 
mediated migration of HUVEC and VEGF-mediated tube formatfon in the 
presence of 4-amino-5-fluoro-3-[5-(4-methylpiperazln-1-yl)-1 H-benzimidazol- 
2-yllqulnolin-2(1 Hycne. 

[0058] FIG. 1 0 is a graph showing inhibition of the sprouting of 
endothelial cells from rat aortic rings in the presence of 4-amino-5-fluoro-3-[5- 
(4-methyIpiperazin-1 -yl)-1 H-benzlmidazol-2-ylJquinolin-2(1 H)-one. 

[0059] FIG. 1 1 is a graph of tumor growth Inhibition in the presence of 
10, 30, and 70 mg/kg/d 4-amino-5-fluoro-3-[5-(4-methylplperazin-1-yl)-1H- 
benzimfdazol-2-yl]quinolin-2(1H>one in the MV4-11 (FLT-3 ITD mutant) tumor 
model in SCID-NOD mice. 

[0060] FIG. 12 is a graph of tumor growth inhibition starting with 
different tumor sizes (300, 500, 1000 mm^) in the presence of 30 mg/kg/d 

4-amino-5-fluoro-3-[5-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-yl]qulnolln- 
2{1H>one in the iy4V4-11 (FLT-3 ITD mutant) tumor model in SCID-NOD mice. 

[0061] FIG. 13 is a graph of tumor growth inhibition in the presence of 
30 mg/kg/d 4-amino-5-fIuoro-3-[5-(4-methyIpiperazin^1-yf)-1H-benzimidazol-2- 
yQquinolin-2(1 H)-one administered dally, q.o.d., or 7 days on/7off In the MV4- 
11 (FLT-3 ITD mutant) tumor model in SCID-NOD mice. 

DETAILED DESCRIPTION OF THE INVENTION 

[0062] The present invention relates to a novel class oif compounds 
which act as inhbitors of serine^reonlne kinases and tyrosine kinases, 
including inhibitors of GSK-3, Cdk2. Cdk4, MEK1, NEK-2, CHK2, CKIe. Raf, 
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CHK1, Rsk2. PAR-1, Cdc2 kinase, c^Kit, c-ABL, pSOsrc, FGFR3, FLT-^, Fyn. 
Lck, and Tie-2. The present invention further relates to the compounds used 
in these methods. These compounds can be formulated into phamnaceutical 
formulations that are useful in treating patients wiUi a need for such inhibitors 
(e.g., those suffering from cancer). The compounds described herein are also 
useful for reducing capillary proliferation and in the treatment of cancer and 
ottier medical or cellular condit'ions in human and cell subjects. 

[0063] The following abbreviations and definitions are used throughout 
this application: 

[0064] ''ALS' is an abbreviation that stands for amyotropic lateral 
sclerosis. 

[0065] "AD" is an abbreviation that stands fof* Alzheimer Disease. 

[0066] ''APP* is an abbreviation that stands for amyloid precursor 
protein. 

[0067] "bPGF" is an abbreviation that stands for basic fibroblast growth 
factor. ' 

[0068] TGFRr, also refenred to as bFGFR, is an abbreviation that 
stands for a tyrosine kinase that interacts witii the fibroblast growth factor 
FGF. 

[0069] "Cdc 2" is an abbreviation tiiat stands for cell division cycle 2. 

[0070] "Cdk 2" is an abbreviation that stands for cyclin dependent 
kinase 2. 

[0071] "Cdk 4" is an abbreviation that stands for cyclin dependent 
kinase 4. 



[0072] 



"Chk 1" is an abbreviation that stands for checkpoint kinase 1. 

1 
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[0073] "CKI e" is a serine/threonine kinase that stands for Casein 
kinase 1 (epsilon). 

[00741 "o-ABL" is an abbreviation for a tyrosine kinase that stands for 
an oncogene product originally Isolated from the Abeison leukemia virus. 

[0075J "C-Kit" » also known as stem ceil factor receptor or mast cell 
growth factor receptor. 

[0076] "FGF" is an abbreviation for the fibroblast growth factor that 
interacts with FGFR1. 

[0077] TGFR3" b an abbreviatton that stands for the tyrosine kinase 
fibroblast growth factor receptor 3 that is often expressed in multiple 
myeloma-type cancers. 

[0078] "Flk-r is an abbreviation that stands for fetal liver tyrosine 
kinase 1 , also known as kinase-insert domain tyrosine kinase or KDR 
(hiiman), also known as vascular endothelial growth factor receptor-2 or 
VEGFR2 (KDR (human). Flk-1 (mouse)). 

[0079] "FLT-1 " is an abbreviation tiiat stands for fms-like tyrosine 
kinase-1, also known as vascular endothelial growth factor receptor-1 or 
VEGFR1. 

[0080] TLT-3' is an abbreviation that stands for fms-like tyrosine 
kinase-3, also known as stem cell tyrosine kinase I (STK I). 

[0081] TLT-4' is an abbreviation that stands for frns-like tyrosine 
kinase-4, also known as VEGFR3. 

[0082] Tyn" is an abbreviation tiiat stands for FYN oncogene kinase 
related to SRC, FGR, YES. 

[0083] "GSK-3" is an abbreviation ttiat stands for glycogen synthase 
kinase 3. 
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[0084] "peOsrc" is a tyrosine Idnase originally identified as the v-src 
oncogene of the rous sarcoma vims. 

[0085] 'PAR-1 ' is an abbreviation that stands for a kinase also known 
as disheveled associated kinase, also known as HDAK. 

[0086] "Lck' is an abbreviation that stands for lymphocyte-specific 
protein tyrosine kinase. 

[0087] "MEKI" is an abbreviation that stands for a serine threonine 
kinase In the MAPK (Mitogen activated protein kinase) signal transductton 
pathway in a module that is fbmied of the Raf-MEK1-ERK. MEKI 
phosphorylates ERK (extracellular regulated kinase). 

[0088] "MS" is an abbreviation that stands for multiple sclerosis. 

[0089] ''NEK-2'' is an abbreviation that stands for NIM-A related kinase. 

[0090] "NiM-A' is an abbreviation that stands for never In mitosis. 

[0091] "PDGP is an abbreviation that stands for platelet derived growth 
factor. PDGF interacts with tyrosine kinases PDGFRa and PDGFRp. 

[0092] "PtHF" is an abbreviation that stands for paired helical filaments. 

[0093] "PS r is an abbreviation that stands for presenelin 1 . 

[0094] "I^k2' is an abbreviation that stands for ribosomal S6 kinase 2. 

[0095] "Raf is a serineAhreonine kinase in the MAPK signal 
transduction pathway. 

[0096] "RTK" is an abbreviation that stands for receptor tyrosine kinase. 

[0097] "TieT2" is an abbreviation that stands for tyrosine kinase with Ig 
and EGF homology domains. 
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[0098] "VEGF" is an abbreviation that stands for vascular endothelial 
growth ^ctor. 

[0099] VEGF-RTK" Is an abbreviation that stands for vascular 
endothelial growth factor receptor tyrosine Idnase. 

[0100] Generally, reference to a certain element such as hydrogen or H 
Is meant to include all isotopes of that element. For example, if an R group is 
defined to include hydrogen or H, it also includes deuterium and tritium. 

[01 01] The phrase "unsubstituted alkyT refers to alkyi groups that da 
not contain heteroatoms. Thus the phrase includes straight chain alkyI groups 
such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl and the like. The phrase also Includes branched chain 
isomers of straight chain alkyI groups, including but not limited to, the 
following which are provided byway of example: -CH(CH3)2, - 
CH(CH3)(CH2CH3). -CH(CH2CH3)2, -C(CH3)3. -CiCHiCH^h, -CH2CH(CH3)2, - 
CH2CH(CH3)(CH2CH3). -CH2CH(CH2CH3)2. -CH2C(CH3)3. -CH2C(CH2CH3)3. - 
CH(CH3)CH(CH3)(CH2CH3). -CH2CH2CH(CH3)2. -CHzCHaCHCCHaXCHzCHa). - 
CH2CH2CH{CH2CH3)2. -CH2CH2C(CH3)3. -CH2CH2C(CH2CH3)3. - 
CH(CH3)CH2CH(CH3)2.-CH(CH3)CH(CH3)CH(CH3)2. 
-CH(CH2CH3)CH(CH3)CH(CH3XCH2CH3). and others. The phrase also 
includes cydic alkyI groups such as cycloaikyi groups such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl. cycloheptyl, and cyctooctyl and such rings 
substituted with straight and branched chain alkyI groups as defined above. 
The phrase also includes polycydic alkyI groups such as, but not limited to, 
adamantyl norijomyl, and bicydop.2.2]octyI and such rings substituted with 
straight and branched chain alkyI groups as defined above. Thus, the phrase 
unsubstituted alkyI groups includes primary alkyI groups, secondary alky! 
groups, and tertiary alkyi groups. Unsubstituted alkyI groups may be bonded 
to one or more cartx)n atom(s), oxygen atom(s). nitrogen atom(s), and/or 
sulfur atom(s) in the parent compound. Preferred unsubstituted alkyi groups 
Indude straight and branched chain alkyI groups and cydic alkyI groups 
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having 1 to 20 carbon atoms. More preferred such unsubstituted alkyi groups 
have from 1 to 10 carbon atoms while even more prefened such groups have 
from 1 to 5 carbon atoms. Most prefened unsubstituted alkyI groups include 
straight and branched chain alkyI groups having from 1 to 3 carbon atoms and 
include methyl, ethyl, propyl, and -CH(CH3)2. 

[OlOq The phrase 'substituted alkyI" refers to an unsubstituted alkyI 
group as defined above in v^hich one or more bonds to a carfoon(s) or 
hydrogen(s) are replaced by a bond to non-hydrogen and non-cart)on atoms 
such as, but not limrted to, a hatogen atom in halides such as F, CI, Br, and I; 
an oxygen atom in groups such as hydroxyl groups, alkoxy groups, aryloxy 
groups, and ester groups; a suliiir atom In groups such as thiol groups, alkyI 
and aryl sulfide groups, sulfone groups, sulfonyl groups, and sulfoxide groups; 
a nitrogen atom in groups such as amines, amides, alkylamines, 
dialkylamines, arylamines, alkylarylamines, dlarylamines, N-oxides, imides, 
and enamlnes; a silicon atom in groups such as in trialkylsllyl groups, 
dialkylarylsllyl groups, alkyldiarylsilyl groups, and triarylsilyl groups; and other 
heteroatoms in various other groups. Substituted alkyI groups also include 
groups in Awhich one or more bonds to a carbon(s) or hydrogen(s) atom is 
replaced by a bond to a heteroatom such as oxygen in carbonyl, carboxyl, 
and ester groups; nitrogen in groups such as imines, oximes, hydrazones, 
and nitriles. Preferred substitoted alkyI groups include, among others, alkyi 
groups in which one or more bonds to a carbon or hydrogen atom is/are 
replaced by one or more bonds to fluorine atoms. One example of a 
substituted alkyI group is the trifluoromethyl group and other alkyI groups that 
contain the trifluoromethyl group. Other alkyI groups include those in which 
one or more bonds to a carbon or hydrogen atom is replaced by a bond to an 
oxygen atom such that the substituted alkyi group contains a hydroxyl, alkoxy, 
arytoxy group, or heterocyclyloxy group. Still other alkyI groups include alkyI 
groups that have an amine, alkylamine, dialkylamine, arylamine, 
(alkylXaryl)amine, diaiylamine, heterocyclylamine, (alkyl)(heterocyclyl)amine, 
(arylXheterocyclyl)amlne, or diheterocydylamine group. 
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[0103] The phrase ''unsubstituted aryl' refers to aryl groups that do not 
contain heteroatoms. Thus the phrase includes, but is not limited to, groups 
such as phenyl, biphenyl, anthracenyl, naphthenyl by way of example. 
Although the phrase ''unsubstituted aryl" includes groups containing 
condensed rings such as naphthalene, it does not include aryl groups that 
have other groups such as alkyi or halo groups bonded to one of the ring 
members, as aryl groups such as tolyl are considered herein to be substituted 
aryl groups as described below. A preferred unsubstituted aryl group is 
phenyl. Unsubstituted aryl groups may be bonded to one or more carbon 
atom(sX oxygen atom(s), nitrogen atom(s), and/or sulfur atom(s) in the parent 
compound, however. 

[0104] The phrase "substituted aryl group" has the same meaning with 
respect to unsubstituted aryl groups that substituted alkyI groups had with 
respect to unsubstituted alkyI groups. However, a substituted aryl group also 
includes aryl groups in which one of the aromatic cart>ons is bonded to one of 
the non-carbon or non-hydrogen atoms described above and also includes 
aryl groups in which one or more aromatic carbons of the aryl group is bonded 
to a substituted and/or unsubstituted alkyI, alkenyl, or alkynyl group as defined 
herein. This includes bonding an^ngements in which two carbon atoms of an 
aryl group are bonded to two atoms of an alkyI, alkenyl, or alkynyl group to 
define a fused ring^systera (e.g. dihydronaphthyl or tetrahydronaphthyl). 
Thus, the phrase "substituted aryl" includes, but is not limited to tolyl, and 
hydroxyphenyl among others. 

[01 05] The phrase "unsubstituted alkenyl" refers to straight and 
branched chain and cyclic groups such as those described with respect to 
unsubstituted alkyI groups as defined above, except that at least one double 
bond exists between two carbon atoms. Examples include, but are not limited 
to vinyl, -CH=C(H)(CH3). -CH=C(CH3)2. -C(CH3)=C(H)2. -C(CH3)=C(H)(CH3), - 
C(CH2CH3)=CH2, cyclohexenyl, cyclopentenyl, cyclohexadienyl, butadienyl, 
pentadienyl, and hexadienyl among others. 
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[0106] The phrase "substituted alkenyl' has the same meaning with 
respect to unsubstttuted allcenyl groups that substituted alkyl groups had with 
respect to unsubst'rtuted alkyl groups. A substituted alkenyl group includes 
alkenyl groups in which a non-cdrtx)n or non-hydrogen atom is bonded to a 
cartx)n double bonded to another cartxDn and those in which one of the non- 
cartx)n or non-hydrogen atoms is bonded to a carbon not involved in a double 
bond to another carbon. 

[01 07] The phrase ''unsubstituted alkynyl" refers to straight and 
branched chain groups such as those described with respect to unsubsb'tuted 
alkyl groups as defined above, except that at least one triple bond exists 
between two carbon atoms. Examples include, but are not limited to - 
feC(H), -feC(CH3). -C^C(CH2CH3), -C(H2)C=C(H), -C(H)2CsC(CH3), and - 
C(H)2feC(CH2CH3) among others. 

[01 08] The phrase "substituted alkynyl" has the same meaning with 
respect to unsubstituted alkynyl groups that substituted alkyl groups had with 
respect to unsubstituted alkyl groups. A substituted alkynyl group includes 
alkynyl groups in which a non-cart)on or non-hydrogen atom is bonded to a 
cart)on triple bonded to another carbon and those in which a non-carix)n or 
non*4iydrogen atom is bonded to a cartx)n not involved in a triple bond to 
another carison. 

[0109] The phrase "unsubstituted aralkyf refers to unsubstituted alkyl 
groups as defined above in which a hydrogen or carbon bond of the 
unsubstituted alkyl group is replaced with a bond to an aryl group as defined 
above. For example, methyl (-CH3) is an unsubstituted alkyl group. If a 
hydrogen atom of the methyl group is replaced by a bond to a phenyl group, 
such as if the carbon of the methyl were bonded to a carbon of benzene, then 
the compound is an unsubstituted aralkyi group {i.e., a benzyl group). Thus 
the phrase includes, but is not limited to, groups such as benzyl, 
diphenylmethyl, and 1-phenyIethyl (•CH(C6H5)(CH3)) among others. 
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[01 10] The phrase "substituted aralkyl" has the same meaning with 
respect to unsubstituted aralkyi groups that substituted aryl groups had with 
respect to unsubstituted aryl groups. However, a substituted arallcyl group 
also includes groups in which a carbon or hydrogen bond of the alky! part of 
the group is replaced by a bond to a non-carbon or a non-hydrogen atom. 
Examples of substituted aralkyi groups includei, but are not limited to, - 
CH2C(=0)(C6H5), and -CH2(2-methylphenyl) among others. 

[01 1 1] The phrase "unsubstituted heterocyclyl" refers to both aromatic 
and nonaromatic ring compounds including monocyclic, bicyclic, and 
polycyclic ring compounds such as, but not limited to, quinuclidyl, containing 3 
or more ring members of which one or more is a heteroatom such as, but not 
limited to, N, O, and S. Although the phrase "unsubstituted heterocyclyr 
includes condensed heterocyclic rings such as benzimidazolyl, it does not 
include heterocyclyl groups that have other groups such as alkyi or halo 
groups bonded to one of the ring members as compounds such as 2- 
methylbenzimidazolyl are substituted heterocyclyl groups. Examples of 
heterocyclyl groups include, but are not limited to: unsaturated 3 to 8 
membered rings containing 1 to 4 nitrogen atoms such as, but not limited to 
pynrolyl, pynrolinyl, Imidazolyl, pyrazolyl, pyridinyl, dihydropyridlnyl, pyrimidyl, 
pyrazinyl, pyridazlnyl, triazolyl (e.g. 4H-1,2,4-triazolyl, 1H-1.2.3-triazolyl, 2H- 
1 ,2,3-triazolyl ete.), tetrazolyl, (e.g. 1H-tetrazolyl, 2H tetrazofyf, etc.); 
saturated 3 to 8 membered rings containing 1 to 4 nitrogen atoms such as, 
but not limited to, pyrrolidinyl, imidazolkJinyl, piperidinyl, piperazinyl; 
condensed unsaturated heterocyclic groups containing 1 to 4 nitrogen atoms 
such as, but not limited to, indoiyi, isoindolyl, indolinyl, indolizlnyl, 
benzimidazolyl, quinolyl, isoqulnolyl, indazolyl, benzotriazolyl; unsaturated 3 
to 8 membered rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen 
atoms such as, but not limited to, oxazolyl, isbxazolyl, oxadian)lyl (e.g. 1 ,2,4- 
oxadiazolyl, 1,3,4-oxadiazolyl, 1.2,5oxadiazolyl, etc.); saturated 3 to 8 
membered rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms 
such as, but not limited to, morpholinyl; unsaturated condensed heterocyclic 
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groups containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for 
example, benzoxa2X)lyl, benzoxadlazolyl, benzoxazinyl (e.g. 2H-1 ,4- 
benzoxazinyl etc.); unsaturated 3 to 8 membered rings containing 1 to 3 sulfur 
atoms and 1 to 3 nitrogen atoms such as. but not limited to, tliiazolyl, 
isothiazolyl, thiadiazolyl (e.g. 1 ,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4- 
thiadiazoiyl, 1 ,2,5-thladiazolyl, etc.); saturated 3 to 8 membered rings 
containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but not 
limited to, thiazolodinyl; saturated and unsaturated 3 to 8 membered rings 
containing 1 to 2 sulfur atoms such as, but not limited to, thienyl, 
dihydrodithiinyl, dihydrodithionyl, tetrahydrothiophene, tetrahydrothiopyran; 
unsaturated condensed heterocyclic rings containing 1 to 2 sulfur atoms and 1 
to 3 nitrogen atoms such as, but not limited to, benzothiazolyl, 
benzothiadlazolyl, benzothiazinyl (e.g. 2H-1 ,4-benzothiazlnyl, etc.), 
dihydrobenzothiazinyi (e.g., 2H-3,4<lihydrobenzothiazinyl, etc.), unsaturated 3 
to 8 membered rings containing oxygen atoms such as, but not limited to furyl; 
unsaturated condensed heterocyclic rings containing 1 to 2 oxygen atoms 
such as benzodloxolyl (e.g., 1,3-benzodioxoyl, ete.); unsaturated 3 to 8. 
membered rings containing an oxygen atom and 1 to 2 sulfur atoms such as, 
but not limited to, dihydrooxathiinyl; saturated 3 to 8 membered rings 
containing 1 to 2 oxygen atoms arid 1 to 2 sulfur atoms such as 1 ,4- 
oxathiane; unsaturated condensed rings containing 1 to 2 sulfur atoms such 
as benzothienyl, ben2scxiithiinyl; and unsaturated condensed heterocyclic rings 
containing an oxygen atom and 1 to 2 oxygen atoms such as benzoxathiinyl. 
Heterocyclyl group also include those described above rn which one or more 
S atoms in the ring is double-bonded to one or two ox^en atoms (sulfoxides 
and sulfones). For example, heterocyclyl groups include tetrahydrothiophene 
oxide and tetrahydrothiophene 1 ,1 -dioxide. Prefenred heterocyclyl groups 
contain 5 or 6 ring members. More prefenred heterocyclyl groups include 
morpholine, piperazine, piperidine, pynolidine. imidazole, pyrazole, 1,2,3- 
triazole. 1 ,2,4-triazole, tetrazole, thiophene, thiomorpholine, thiomorpholine in 
which the S atom of the thiomorpholine is bonded to one or more O atoms, 
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pyrrole, homoplperaane, oxazolidin-2-one, pyrrolidin-2-one, oxazole, 
quinuclidine, thiazole, isoxazole, furan. and tetrahydrofuran. 

[01 1 2] The phrase "substituted heterocyclyr refers to an unsiibstituted 
heterocyciyi group as defined above in which one or more of the ring 
members is bonded to a non-hydrogen atom such as described above with 
respect to substituted allcyl groups and substituted aryl groups. Examples, 
include, but are not limited to, 2-methylbenzimidazolyl, 5- 
methylbenzimidazolyl, 5-chlorobenzlhiazolyl, N-alkyI piperazlnyl groups such 
as 1 -methyl plperazinyl, piperazine-N-oxide, N-alkyI piperazine N-oxIdes, 2- 
phenoxy-thiophene, and 2-chloropyridinyl among others. In addition, 
substituted heterocyciyi groups also Include heterocyciyi groups in which the 
bond to the non-hydrogen atom is a bond to a carbon atom that is part of a 
substituted and unsubstituted aryl, substituted and unsubstltuted aralkyi, or 
unsubstituted heterocyciyi group. Examples include but are not limited to 1- 
benzylpiperidinyl, 3-phenylhiomorphollnyl, 3-(pyn^olidin-1-yl)-pymolidinyl, and 
4-(piperidin-1-yl)-piperidlnyl. Groups such as N-alkyI substituted piperazine 
groups such as N-methyl piperazine, substituted morpholine groups, and 
piperazine N-oxIde groups such as piperazine N-oxide and N-alkyI piperazine 
N-oxides are examples of some substituted heterocyciyi groups. Groups such 
as substituted piperazine groups such as N-alkyI substituted piperazine 
groups such as N-methyl piperazine and the like, substituted morpholine 
groups, piperazine N-oxide groups, and N-alkyI piperazine N-oxide groups are 
examples of some substituted heterocyciyi groups that are espedally suited 
as or Regroups. 

[01 1 3] The phrase "unsubstituted heterocyclylalkyr refers to 
unsubstituted alkyi groups as defined above in which a hydrogen or carbon 
bond of the unsubstituted alkyI group is replaced with a bond to a heterocyciyi 
group as defined above. For example, methyl (-CH3) is an unsubstituted alkyI 
group. If a hydrogen atom of the methyl group is replaced by a bond to a 
heterocyciyi group, such as if the cartx)n of the methyl were bonded to cart)on 
2 of pyridine (one of the carbons bonded to the N of the pyridine) or cartx)ns 3 
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or 4 of the pyridine, then the compound Is an unsubstituted heterocydylalkyl 
group. 

[01 141 The phrase "substituted heterocydylalkyl" has the same 
meaning with respect to unsubstituted heterocydylalkyl groups that 
substituted aralkyi groups had with respect to unsubstituted aralkyl groups. 
However, a substituted heterocydylalkyl group also indudes groups in which 
a non-hydrogen atom is bonded to a heteroatom In the heterocydyl group of 
the heterocydylalkyl group such as, but not limited to, a nitrogen atom in the 
piperidineringof apiperidinylalkylgroup. In addition, a substituted 
heterocyclylalkyi group also indudes groups in v\^ich a carbon bond or a 
hydrogen bond of the alky! part of the group is replaced by a bond to a 
substituted and unsubstituted aryl or substituted and unsubstituted aralkyl 
group. Examples indude but are not limited to phenyl-(piperidin-1-yl)-methyl 
and phenyl-{morpholin-4-yl>-methyl. 

[01 1 51 The phrase "unsubstituted alkylaminoalkyi* refers to an 
unsubstituted alkyi group as defined above In which a carbon or hydrogen 
bond is replaced by a bond to a nitrogen atom that Is bonded to a hydrogen 
atom and an unsubstituted alkyI group as defined above. For example, 
methyl (-CH3) is an unsubstituted aikyi group. If a hydrogen atom of the 
methyl group Is replaced by a bond to a nitrogen atom that is bonded to a 
hydrogen atom and an ethyl group, then the resulting compound is -CHr 
N(H)(CH2CH3) which is an unsubstituted alkylaminoalkyi group. 

[01 1 6] The phrase "substituted alkylaminoalkyi" refers to an 
unsubstituted alkylaminoalkyi group as defined above except where one or 
more bonds to a cariaon or hydrogen atom in one or both of the alkyI groups Is 
replaced by a bond to a non-carbon or non-hydrogen atom as described 
above wrth respect to substituted alkyI groups except that the bond to the 
nitrogen atom in all alkylaminoalkyi groups does not by itself qualify all 
alkylaminoalkyi groups as being substituted, l-lowever, substituted 
alkylaminoalkyi groups does indude groups in which the hydrogen bonded to 
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the nitrogen atom of the group is replaced with a non-carbon and non- 
hydrogen atom. 

[01 17] The phrase 'unsubstituted diallcylaminoallcyr refers to an 
unsiA)stituted alkyl group as defined above in which a carbon bond or 
hydrogen bond is replaced by a bond to a nitrogen atom which is bonded to 
two other similar or different unsubstituted alkyl groups as defined above. 

[01 18] The phrase "substituted diallcylaminoalkyi" refers to an 
unsubstituted dialkylaminoalkyi group as defined above in which one or more 
bonds to a cart)on or hydrogen atom in one or more of the alkyl groups is 
replaced by a bond to a non-cait>on and non-hydrogen atom as described 
with respect to substituted alkyl groups. The bond to the nitrogen atom in all 
dialkylaminoalkyi groups does not by itself qualify all dialkylaminoalkyi groups 
as being substituted. 

[0119] " The phrase "unsubstituted alkoxy" refers to a hydroxyl group (- 
OH) In which the bond to the hydrogen atom is replaced by a bond to a 
carbon atom of an othenvise unsubstituted alkyl group as defined above. 

[01 20] The phrase "substituted alkoxy" refers to a hydroxyl group (-0H) 
in which the bond to the hydrogen atom is replaced by a bond to a carbon 
atom of an othenvise substituted alkyl group as defined above. 

[01 21] The phrase 'unsubstituted heterocyciyioxy* refers to a hydroxyl 
group (-OH) in which the bond to the hydrogen atom is replaced by a bond to 
a ring atom of an othenvise unsubstituted heterocyclyl group as defined 
above. 

[01 22] The phrase "substituted heterocydyloxy" refers to a hydroxyl 
group (-OH) in which the bond to the hydrogen atom is replaced by a bond to 
a ring atom of an othenvise substituted heterocyclyl group as defined above. 

[0123] The phrase "unsubstituted heterocyclyloxyalkyr refers to an 
unsubstituted alkyl group as defined above in which a cartx)n bond or 
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hydrogen bond is replaced by a bond to an oxygen atom which is bonded to 
an unsubstituted heterocydyl group as defined above. 

[01 24] The phrase "substituted heterocyclyloxyallcyl'' refers to an 
unsubstituted heterocyclyloxyall^l group as defined above in which a bond to 
a carbon or hydrogen group of the alkyi group of the hetenocydyioxyalkyl 
group Is bonded to a non-carbon and non-hydrogen atom as described above 
with respect to substituted all^yl groups or In which the heterocydyl group of 
the heterocydyloxyail^yl group is a substituted heterocydyl group as defined 
above. 

[01251 The phrase "unsubstituted heterocyclyialkoxy" refers to an 
unsubstituted allcyl group as defined above in which a carbon bond or 
hydrogen bond is replaced by a bond to an oxygen atom which is bonded to 
the parent compound, and in which another carbon or hydrogen bond of the 
unsubstituted alkyI group is bonded to an unsubstituted heterocydyl group as 
defined above. 

[0126] The phrase "substituted heterocydylalkoxy" refers to an 
unsubstituted heterocydylalkoxy group as defined above in which a bond to a 
carbon or hydrogen group of the alkyI group of the heterocydylalkoxy group is 
bonded to a non-carbon and non-hydrogen atom as described above with 
respect to substituted alkyI groups or in whidi the heterocydyl group of the 
heterocydylalkoxy group is a substituted heterocydyl group as defined above. 
Further, a subsfrtuted heterocydylalkoxy group also Includes groups In which 
a cartx)n bond or a hydrogen bond to the alkyI moiety of the group may be 
substituted with one or more additional substituted and unsubstituted 
heterocydes. Examples include but are not limited to pyrid-2-ylmorphoIln-4- 
ylmethyl and 2-pyrld-3-yl-2-morpholin-4-ylethyl. 

[0127] The phrase "unsubstituted arylaminoaikyl" refers to an 
unsubstituted aikyi group as defined above In which a carbon bond or 
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hydrogen bond is replaced by a bond to a nitrogen atom which Is bonded to at 
least one unsubstituted aryl group as defined above. 

[0128] The phrase "substituted arylaminoalkyl" refers to an 
unsubstituted arylaminoalkyi group as defined above except where either the 
alkyi group of the arylaminoalkyi group is a substituted aikyi group as defined 
above or the aryl group of the arylaminoalkyi group is a substituted aryi group 
except that the bonds to the nitrogen atom in all arylaminoalkyi groups does 
not by itself qualify all arylaminoalkyi groups as being substituted* However, 
substituted arylaminoalkyi groups does include groups in which the hydrogen 
bonded to the nitrogen atom of the group is replaced with a non-cartx>n and 
non-hydrogen atom. 

[01 29] The phrase "unsubstituted heterocyclylaminoalkyl" refers to an 
unsubstituted alkyI group as defined above in which a carbon or hydrogen 
bond is replaced by a bond to a nitrogen atom which is bonded to at least one 
unsubstituted heterocyclyl group as defined above. 

[0130] The phrase "substituted heterocyclylaminoalkyi" refers to 
unsubstituted heterocyclyiaminoalkyl groups as defined above in which the 
heterocyclyl group is a substituted heterocyclyl group as defined above and/or 
the alkyI group is a substituted alkyI group as defined above. The bonds to 
the nitrogen atom in all heterocyclyiaminoalkyl groups does not by itself 
qualify all heterocyclyiaminoalkyl groups as being substituted. However, 
substituted heterocyclyiaminoalkyl groups do include groups in which the 
hydrogen bonded to the nitrogen atom of the group is replaced with a non- 
carbon and non-hydrogen atom. 

[01 31] The phrase "unsubstituted alkylaminoalkoxy" refers to an 
unsubstituted alkyI group as defined above in which a carbon or hydrogen 
bond is replaced by a bond to an oxygen atom which is bonded to the parent 
compound and in which another cart>on or hydrogen bond of the 
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unsubstituted alkyi group is bonded to a nitrogen atom which is bonded to a 
hydrogen atom and an unsubstituted allcyl group as defined above. 

[01 32] The phrase "substituted alkylaminoalicox/' refers to 
unsubstituted alkylaminoalkoxy groups as defined above in which a bond to a 
carbon or hydrogen atom of the alkyI group bonded to the oxygen atom which 
is bonded to the parent compound is replaced by one or more bonds to a non- 
carbon and non-hydrogen atoms as discussed above with respect to 
substituted alky! groups and/or if the hydrogen bonded to the amino group is 
bonded to a non-carbon and non-hydrogen atom and/or if the alky! group 
bonded to the nitrogen of the amine is bonded to a non-cartx)n and non- 
hydrogen atom as described above with respect to substituted alkyI groups. 
The presence of the amine and alkoxy functionality in all alkylaminoalkoxy 
groups does not by itself qualify all such groups as substituted 
alkylaminoalkoxy groups. 

[01 33] The phrase "unsubstituted dialkylamlnoalkox/' refers to an 
unsubstituted alkyI group as defined above in which a caribon or hydrogen 
bond is replaced by a bond to an oxygen atom which is bonded to the parent 
compound and in which another carbon or hydrogen l^ond of the 
unsubstituted alkyI group is bonded to a nitrogen atom which is bonded to two 
other similar or different unsubstituted alkyI groups as defined above. 

[0134] The phrase "substituted dialkylaminoalkoxy refers to an 
unsubstituted dialkylaminoalkoxy group as defined above in which a bond to a 
carbon or hydrogen atom of the alkyI group Isondied to the oxygen atom which 
is bonded to the parent compound is replaced by one or more bonds to a non- 
carbon and non-hydrogen atoms as discussed above with respect to 
substituted alkyI groups and/or if one or more of the alkyI groups bonded to 
the nitrogen of the amine is bonded to a non-cari^n and non-hydrogen atom 
as described above with respect to substituted alkyI groups. The presence of 
the amine and alkoxy functionality In all dialkylaminoalkoxy groups does not 
by itself qualify all such groups as substituted dialkylaminoalkoxy groups. 
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[01 35] The term "protected" with respect to hydroxyl groups, amine 
groups, and sulfhydryl groups refers to forms of these functionalities which ar 
protected from undesirable reaction with a protecting group known to those 
skilled In the art such as those set forth In Protective Groups in Organic 
Synthesis, Greene. T.W.; Wuts, P. G. M., John Wiley & Sons. New York, NY. 
(3rd Edition, 1999) which can be added or removed using the procedures set 
forth therein. Examples of protected hydroxyl groups Include, but are not 
limited to, silyl ethers such as those obtained by reaction of a hydroxyl group 
with a reagent such as, but not limited to, f-butyldlmethyl-chlorosilane, 
trimethylchlorosilane, triisopropylchlorosilane, triethylchlorosllane; substituted 
methyl and ethyl ethers such as, but not limited to methoxymethyl ether, 
methythiomethyl ether, benzyloxymethyl ether, f-butoxymethyl ether. 2- 
methoxyethoxymethyl ether, tetrahydropyranyl ethers, 1-ethoxyethyl ether, 
allyl ether, benzyl ethen esters such as, but not limited to, benzoylfonnate, 
formate, acetate, trichloroacetate, and trifluoracetate. Examples of protected 
amine groups include, but are not limited to, amkJes such as. fonnamide. 
acetamide, trifluoroacetamWe, and benzamlde; imides, such as phlhalimide, 
and dithiosucclnimide; and others. Examples of protected sulfhydryl groups 
Include, but are not limited to, Ihioethers such as S-benzyl thtoether, and S-4- 
picolyl thioether; substituted S-methyl derivatives such as hemithlo, dithio and 
aminothio acetals; and others. 

[01 36] A "phamriaceutically acceptable saK" includes a salt with an 
Inorganic base, organic base. Inorganic acid, organic acid, or basic or acidic 
amino acid. As salts of inorganic bases, the Invention Includes, for example, 
alkali metals such as sodium or potassium; alkaline earth metals such as 
calcium and magnesium or aluminum; and ammonia. As salts of organic 
bases, the invention includes, for example, trimethylamine, triethylamlne, 
pyridine, picollne, ethanolamlne. diethanolamine, and triethanolamlne. As 
salts of inorganic acids, the instent invention includes, for example, 
hydrochloric acid, hydroboric acid, nitric add, sulfuric add, and phosphoric 
add. As salts of organic acids, ttie instent Inventfon Indudes, for example. 
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formic acid, acetic acid, trrfluoroacetic acid, fumaric acid, oxalic acid, tartaric 
add, maleic acid, citric acid, succinic add, malic add, methanesulfbnic add, 
benzenesulfonic acid, and p-toluenesulfonic acid. As salts of basic amino 
adds, the instant invention includes, for example, arginine, lysine and 
ornithine. Acidic amino acids indude, for example, aspartic add and glutamic 
add. 

[01 37] The present invention provides methods of inhibiting 
serine/threonine and tyrosine kinases, and methods of treating biological 
conditions mediated by serine/threonine and tyrosine kinases. In particular, 
the present invention provides methods of inhibiting serine/threonine kinases, 
induding glycogen synthase kinase 3 (GSK-3), cyclin dependent kinase 2 
(Cdk2). cydin dependent kinase 4 (Cdk4), MEK1, NEK-2, CHK2. CK1e. Raf, 
checkpoint kinase 1 (CHK1), ribosomal S6 kinase 2 (Rsk2), and PAR-1 and 
methods of inhibiting tyrosine kinases, induding cell division cycle 2 kinase 
(Cdc2 kinase). c^Kit, c-ABL, p60src, VEGFR3, PDGFRa, PDGFRp. FGFR3, 
FLT-3, FYN oncogene kinase related to SRC, FGR, and YES (Fyn), 
lymphocyte-specific protein tyrosine kinase (Lck), and tyrosine kinase with Ig 
and EGF homology domains (Tie-2). The present invention also provides 
methods of treating biological conditions mediated by serine/threonine 
kinases. Induding GSK-3. Cdk2, Cdk4, MEK1 , NEK-2, CHK2, CK1e. Raf, 
CHK1 , Rsk2. and PAR-1 , and methods of treating biological conditions 
mediated by tyrosine kinases, induding Cdc2 kinase. O'Krt. c-ABL, pGOsrc. 
VEGFR3. PDGFRa, PDGFRp, FGFR3. FLT-3, Fyn. Lck. and Tie-2. 
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Methods Relating to Serine/Threonine Kinases 

[0138] In one aspect, the present invention provides a method of 
inhibiting a serine/threonine Idnase in a subject and/or a method of treating a 
biological condition mediated by serine/threonine l^inase activity in a subject 
The methods include administering to the subject a compound of Structure I, 
a tautomerof the compound, a phamiaceutically acceptable salt of the 
compound, a phamiaceutically acceptable salt of the tautomer, or mixtures 
thereof. In the method of inhibiting a serine/threonine kinase, the 
serine/threonine kinase is inhibited in the subject after administration. 
Stnicture I has the folbvWng fonmula: 




I 



where. 

A, B, C, and D are independently selected firom cartson or 
nrtrogen; 

is selected from -H, -F, -a, -Br, -I, -CN. -NO2, substituted and 
unsubstltuted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted alkynyl groups 
having from 1 to 8 carijon atoms, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocydylalkyl groups, -SH, substituted and unsubstituted -S- 
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alkyi groups, substituted and unsubstrtuted -S(=0)2-0-alkyl 
groups, substituted and unsubstituted -S(=0)2-alkyl groups, 
substituted and unsubstituted -S(=0)-alkyl groups. -S(=0)-NH2, 
substituted and unsubstituted -S(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -S(=0>-N(all<yl)2 groups, -0>-f. 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heterocyclyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(HXalkyf) groups, 
substituted and unsut>stituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(HXheterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyciyl) groups, substituted and 
unsubstituted -N(h6terocyclyl)2 groups, substituted and 
unsubstituted -N(H)(lieterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(lieterocyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyctylalkyl)2 groups, substituted and 
unsubstrtuted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0>-Iieterocyclyl groups, substituted and 
unsubstituted -N(l-iK)(=0)-iieterocydyfalkyl groups, substituted 
and unsubstituted -N(H)-S(=0)-alkyl groups, substituted and 
unsubstituted -C(sO)-aikyl groups, substituted and unsubstituted 
\ -C(=0)-lieterocycly! groups, substituted and unsubstituted 

-C(=0)-heteroc^clylaIkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, 
-C(=0)-N(H)(heterocyciylalkyl) groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, substituted and 
unsubstituted -C(=0)-0-tieterocyclyl groups, or substituted and 
unsubstituted -C(=0)-0-lieterocyclylalkyl groups; 
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-CN, -NOa, substituted and unsubstituted alkyi groups having 
from 1 to 12 caibon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted alkynyt groups having from 1 to 8 cart}on 
atoms, substituted and unsubstituted aryl groups, substituted 
and unsubstituted aralkyi groups, substi'tuted and unsubstituted 
heterocyciyi groups, substihjted and unsubstituted 
heterocydylalkyl groups, -SH, substituted and unsubstituted -S- 
alkyl groups, substituted and unsubstituted -S-aryl groups, 
substituted and unsubstituted -S-aralkyI groups, substituted and 
unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-alkyl groups, substituted and 
unsubstituted -S(=0)2-heterocyclyt groups, substi'tuted and 
unsubstituted -S(sO)-alkyl groups, substituted and unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)rNH2. substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstihjted -S(=:0)2-N(alkyl)2 groups, substiUited and 
unsubstituted -S(=0)2-N(H)(aryl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)(aryl) groups, substituted and 
unsubstituted -S(=0)2-N(aryl)2 groups, substituted and 
unsubstituted -S(=0)2-N(H)(aralkyl) groups, substituted and 
unsubstituted -S(=0)rN(alkyl)(aralkyl) groups, substituted and 
unsubstituted -S(=0)2-N(aralkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
aryloxy groups, substituted and unsubstituted arylalkoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocydylalkoxy groups, -NH2, 
substituted and unsubstituted -N(H)(alkyl) groups, substituted 
and unsubstihjted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N{alkyl)(aryl) groups, substituted and unsubstituted -N(aryl)2. 
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groups, substituted and unsubstituted -N(H)(ara!kyl) groups, 
substituted and unsubstituted -N(all<yl)(aralkyt) groups, 
substituted and unsubstituted -N(arall(yl)2 groups, substituted 
and unsubstituted -N(H)(iieterocyclyl) groups, substituted and 
unsubstituted -N(all<yl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(HXheterocyclylallcyl) groups, substituted and 
unsubstituted -N(all<yl)(lieterocyclylalkyl) groups, substituted and 
unsubstituted -N(iieterocycly!allcyl)2 groups, substituted and 
unsubstituted -N{H)-S(=0)2-all<yl groups, substituted and 
unsubstituted -N{H)-S(=0)2-aryl groups, substituted and 
unsubstituted -N(H)-S(=0)2-arall<yl groups, substituted and 
unsubstituted -N(H)-S(=0)rlieterocyclyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-heterocyclylall<yl groups, substituted 
and unsubstituted -N(H)-C(=0)-allcyl groups, substituted and 
unsubstituted -N(H)-C(=0)-aryl groups, substituted and 
unsubstituted -N(H)-C(sO)-arall(yl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyla1l<yl groups, substituted 
and unsubstituted -N(all(yl>-C(=0)-allcyi groups, substituted and 
unsubstituted -N(all<yl)-C(=0)-aryl groups, substituted and 
unsubstituted -N(all<yl)-C(=0)-arallcyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(all<yl)-C(=0)-heterocycly!all<yl groups, 
substituted and unsubstituted -N(all<yl)-S(=0)2-allcyl groups, 
substituted and unsubstituted -N(allcyl)-S(=0)2-aryl groups, 
substituted and unsubstituted -N(all<yl)-S(=0)2-arall<yl groups, 
substituted and unsubstituted -N(all<yl)-S(=0)2-heterocydyl 
groups, sut>stituted and unsubstituted 
-N(all<yl)-S(=0)2-iieterocyclylall<yl groups, -N(H)-C(=0)-NH2. 
substituted and unsubstituted -N(H)-C(=0)-N(H)(all<yl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(all«yl)2 groups. 
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substituted and unsubsfituted -N(H)-C(=0)-N(H)(aryl) groups, 
substituted and unsubstiiuted -N(H)-C(=0)-N(alkyl)(aryl) groups, 
substituted and unsubstituted -N(H)^(=0)-N(aryl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-N(li)(arall<yl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(all<ylXarall<yl) 
groups, substituted and unsubstituted -N(H)-C(=0)-N(arallcyt)2 
groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(heterc)cydyl) groups, substituted and 
unsubstituted -N(H)-C(=0)-N(all<yl)(heterocyclyl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-N(H)-C(=0>-N(H){heterocyclylall<yl) groups, substituted and 
unsubstituted -N(H)-C(=0>-N(all<yl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(heterocyclylalkyl)2 
groups, substituted and unsubstituted -N(all<yl)-C(=0)-NH2 
groups, substituted and unsubstituted 
-N(allcyl)-q=0)-N(HXalkyl) groups, substituted and 
unsubstituted -N(allcyl)-C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -N(allcyl)-C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -N(alkylH){=0>-N(alkyl)(aiyl) groups, substituted 
and unsubstituted -N(alI<yl>-C(=0>N(aryl)2 groups, substituted 
and unsubstituted -N(allcyl)-C(=0>-N(H){arallcyl) groups, 
substituted and unsubstituted -N(ailcyl)-C(=0)-N(allcylXarall<yl) 
groups, substituted and unsubstituted 
-N(allcyl)-C(=0)-N(aralkyl)2 groups, substituted and 
unsubstituted -N(all<yl>C{=0)-N(H)(heterocyclyl) groups, 
substituted and unsubstituted 

-N(alkyl)-C(=0)-N(all<ylXheterocyclyl) groups, substituted and 
unsubstituted -N(allcyl)-C(=0)-N(heterocyclyl)2 groups, 
substituted and unsubstituted 

-N(all<yl)-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(all<yl)-C(=0)-N(allcylXheterocydylalkyl) groups. 
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substituted and unsubstituted 

-N(alkyl)-C(=0)-N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-aryl groups, substituted and unsubstituted -C(=0)-aralkyl 
groups, substituted and unsubstituted -C(=0)-heterocydyl 
groups, substituted and unsubstituted -C(=0>-heterocyclylallcyl 
groups, -C{=0)-NH2, substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-C(=0)-N(all<yl)2 groups, substituted and unsubstituted 
-C(=0)-N(H)(aryl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(aryl) groups, substituted and unsubstituted 
-C(=0)-N(aryl)2 groups, substituted and unsubstituted 
-C(=0)-N(H)(aralkyl) gre)ups, substituted and unsubstituted 
-C(=0>>N(alkyl)(aralkyl) groups, substituted and unsubstituted 
-C(=0)-N(aralkyl)2 groups, substituted and unsubstituted 
-C(=0}-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-C(=0)-N(aIkyl)(heterocyclyI) groups, substituted and 
unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclylalkyl) groups, substituted 
and unsubstituted -C(=0>-N(alkyl)(heterocycrylalkyl) groups, 
substituted and unsubstituted -C(=0>-N(heterocyclylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-aryl groups, 
substituted and unsut>stituted -C(=0)-0-heterocyclyl groups, or 
substituted and unsubstituted -C(=0)-0-heterocyclylalkyl 
groups; 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2. substituted and 
unsubstituted alky! groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 8 
carbon atoms, substituted and unsubstituted alkynyl groups 
having from 1 to 8 carbon atoms, -SH, substituted and 
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unsubstrtuted -S-alkyi groups, substituted and unsubstituted 
-S(=0)2-O-alkyl groups, substituted and unsubstituted 
-S(=0)2-alkyl groups, substituted and unsubstituted -S(=0>-alkyl 
groups, •S{=0)2-NH2, substituted and unsubstituted 
-S(=0)2-N(H)(allcyl) groups, substituted and unsubstituted 
-S(=0)2-N(all<yl)2 groups, -OH, substituted and unsubstituted 
alkoxy groups, -NH2, substituted and unsubstituted -N(H)(aikyl) 
groups, substituted and unsubstituted -N(alkyi)2 groups, 
substituted and unsubstitjted -N(H>-C(=0)-alkyl groups, 
substituted and unsubstituted •N(H>5(=0)-alkyl groups, 
-C(=0)-NH2, substituted and unsubstituted -C(=0)-N(H)(alkyl) 
groups, substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
or substituted and unsubstituted -C(=0>0-alkyl groups; 

and are independentiy selected from -H, -F, -CI, -Br. -I, 
-CN, -N02t substituted and unsubstituted stiraight and branched 
chain alky! groups having from 1 to 8 carbon atoms, substituted 
and unsubstituted alkenyl groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted alkynyl groups having from 
1 to 8 carbon atoms, substituted and unsubstituted heterocyclyl 
groups, -SH, substituted and unsubstituted -S-alkyI groups, 
substituted and unsubstituted -S(=0)2-0-alkyl groups, 
substituted and unsubstituted -S(=0)ralkyl groups, substituted 
and unsubstituted -S(=0)-alkyl groups, -S(=0)2-NH2, substituted 
and unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, -NH2, substituted and 
unsubstituted -N(H)(alkyI) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-S(=0)-alkyl groups, -C(=0>-NH2, substituted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
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unsubstituted -C(=0)-N(alkyl)2 groups, or substituted and 
unsubstituted -C(=0)-0-alkyl groups; or may be absent rf A is 
n'ltrogen; or R* may be absent if D Is nitrogen; 

R® and R^ are independently selected from -H. -F, -CI, -Br, -I, 
-NO2, -CN, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted alkynyl groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocydyl groups, 
substituted and unsubstituted heterocydylalkyl groups, -SH, 
substituted and unsubstituted -S-alkyI groups, substituted and 
unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-alkyl groups, substituted and 
unsubstituted -S(=O)2-heter0(^clyl groups, substituted and 
unsubstituted -S(=0)-alkyl groups, substituted and unsubstituted 
-S(=OHieterocyclyl groups, -S(=0)2-NH2, substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups, substituted and 
unsubstituted -S(=0)2-N(H)(heterocyclyl) groups, substituted 
and unsubstituted -S(=0)rN(alkyl)(heterocyclyl) groups, 
substituted and unsubstituted -S(=0)2-N(heterocyclyl)2 groups, 
substituted and unsubstituted -S(=0)2-N(H)(heterocyclylalkyl) 
groups, substituted and unsubstituted 
-S(=0)2-N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -S(=0)2-N(heterocyclylalkyl)2 groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heterocydyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substituted and 
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unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
•N(alkyl)(aryl) groups, substituted and unsubstituted -N{aryl)2 
groups, substituted and unsubstituted -N(H)(aralkyl) groups, 
substituted and unsubstituted *N(alt(yl)(arall(yl) groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyi)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(IH)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(aikyl)(heterocyciytall<yl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-S(=0)2-all<yl groups, substituted and 
unsubstituted -N(H)-S(=0)2-lieterocyclyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-lieterocycly!alkyl groups, substituted 
and unsubstituted -N(H)-C(=0)-all<yl groups, substituted and 
unsubstituted -N(H>C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=OHieterocyciylalkyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-alkyt groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0>-heterocyclylalkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)2-alkyl groups, 
substituted and unsubstituted -N(alkyl}-S(=0)2-heterocyclyl 
groups, substituted and unsubstituted 
-N(alkyl)-S(=0)24ieterocyclylalkyl groups, substituted and 
unsubsto'tuted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylalkyl groups, -C(=0)-NfH2. substituted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C{=0)-N(H){aryl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
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unsubstituted -C(=0)-N(HXaralkyl) groups, substituted and 
unsubstftuted -C(=0)-N(alkyl)(aralkyl) groups, substituted and 
unsubstituted -C{=0)-N(aralkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyi)(heterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyclylalkyi) 
groups, substituted and unsubstituted 
-C(=0)-N(heterocyclylalkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, substituted and 
unsubstituted -C{=0)-0-lieterocyclyl groups, or substituted and 
unsubstituted -C(=0)-0-iieterocyclylalkyl groups; or may be 
absent if B is nitrogen; or may be absent if C is nitrogen; 

is selected from -H, substituted and unsubstituted alkyi 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted aryl groups, substituted and unsubstituted aralkyi 
groups, substituted and unsubstituted heteroe^clyi groups, 
substituted and unsubstituted heterocydyiaikyl groups, 
substituted and unsubstituted heterocyclylaminoalkyi groups, 
substituted and unsubstituted alkoxy groups, or -NH2, or R® and 
R""* join together to form one or more rings, each having 5, 6, or 
7 ring members; and 

R^° fe -H, or R® and R^** join together to fonm one or more rings, 
each having 5, 6, or 7 ring members. 

[01 39] In some embodiments of the method of inhibiting a 
serine/threonine kinase in a subject and/or the method of treating a biotogical 
condition mediated by serine/threonine kinase activity In a subject, the 
serinathreonine kinase is selected from glycogen synthase kinase 3, cyclin 
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dependent kinase 2. cydin dependent kinase 4. MEK1. NEK-2. CHK2, CK1e. 
Raf. checkpoint kinase 1. ribosomal S6 kinase 2. or disheveled associated 
kinase (PAR-1). 



Methods Relating to Glycogen Synthase Kinase 3 
[0140J In some embodiments of the method of inhibiting a 
serine/threonine kinase in a subject and/or the method of treating a biological 
condition mediated by serine/threonine kinase activity in a subfect using a 
compound of Structure I. a tautomer of the compound, a pharmaceutically 
acceptable salt of the compound, a phannaceutlcally acceptable salt of the 
tautomer. or mixtures thereof, the serine/threonine kinase is GSK-3. In some 
such methods the GSK-S is inhibited in the subject after administration. 
Staicture I has the foitowing formula: 




where: 



A. B, C, and D are Independently selected from carbon or 
nitrogen; 

is selected from -H. -F. -CI. -Br. -|. -CN. -NO2. substituted and 
unsubstituted straight and branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted and unsubstituted alkenyl 
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groups having fipom 1 to 8 carbon atoms, substituted and 
unsubstituted aikynyl groups having from 1 to 8 carbon atoms, 
substituted and unsubstituted heterocyclyl groups, -SH, 
substituted and unsubstituted -S-alltyl groups, substituted and 
unsubstituted -S(=0)rO-all<yl groups, substrtuted and 
unsubstituted -S(=0)2-all(yl groups, substituted and 
unsubstituted -S(=0)-allcyl groups, -S(=0)-NH2. substituted and 
unsubstituted -S(=0)-N(H)(all<yl) groups, substituted and 
unsubstituted -S(=0)-N(all<yl)2 groups, -OH, substituted and 
unsubstituted alltoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, substituted and unsubstituted 
heterocydylallcoxy groups, -NH2, substituted and unsubstituted 
-N(H)(all<yl) groups, substrtuted and unsubstituted -N(ail<yi)2 
groups, substituted and unsubstituted -N(H)-C(=0>-all(yl groups, 
substituted and unsubstituted -N(l-i)-S(=0)-allcyl groups, 
-C(=0)-NH2, substituted and unsubstituted -C(=0)-N(H)(allcyl) 
groups, substituted and unsubstituted -C(=0}-N(all<yl)2 groups, 
substituted and unsub^ituted -C(=0)-N(HXarallcyl) groups, 
-CO2H, or substituted and unsubstituted -C(sO)-0-allcyl groups; 

r2 is selected from -H, -F, -CI, -Br, -I, -CN, -NO2. substituted and 
unsubstituted straight and branched chain alky! groups having 
from 1 to 8 carbon atoms, substituted and unsubstituted aikenyl 
groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted aikynyl groups having from 1 to 8 carbon atoms, 
substituted and unsubstituted cydoalkyl groups, substituted and 
unsubstituted cydoalkenyl groups, substituted and unsubstituted 
aryl groups, substituted and unsubstituted heterocyclyl groups, 
-SH, substituted and unsubstituted -S-alkyI groups, substituted 
and unsubstituted -S(=0)2-0-alkyi groups, substituted and 
unsubstituted -S(sO)2-alkyl groups, substituted and 
unsubstituted -S(=0)2-heterocyclyl groups, substituted and 



wo 2004/018419 



PCT/US2003/02S990 



-76- 

unsubstituted -S(=0>-alkyl groups, substituted and unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)z-NH2, substituted and 
unsubstituted -S(=0)rN{H)(alkyl) groups, substituted and 
unsubstituted -S(=0)rN{allcyl)2 groups, -OH, substituted and 
unsubstituted all<oxy groups, substituted and unsubstituted 
heterocyclyfall^oxy groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(all<yl)2 
groups, substituted and unsubstituted -N(H)-C(=0)-alkyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclyl groups, 
substituted and unsubstituted -N(H)-S(=0)-alkyl groups, 
substituted and unsubstituted -N(H)-S(=0)-heterocyclyl groups, 
-N(all<yi)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyt groups, substituted and 
unsubstituted -N(allcyi)-S(=0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-S(=0)-heterocyclyl groups, 
-N(H)-C(=0)-NH2, substituted and unsubstituted 
-Nl(H)-C(-0)-N(H)(allcyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(allcyl)2 groups. -N(alkyl)-C(=0)-NH2. substituted 
and unsubstituted -N(alkyl)-C(=0)-N(H)(allcyl) groups, 
substituted and unsubstituted -N(all<yl)-C(=0)-N(alkyl)2 groups, 
-C(=0)-NH2, substituted and unsubstituted -C(=0)-N(H)(allcyl) 
groups, substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0>-allcyl groups, substituted 
and unsubstituted -C(=0)-heterocyclyl groups, -CO2H, or 
substituted and unsubstituted -C(=0)-0-all^yl groups; or and 
may join together to fonii a cyclic group; 

R^ is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstituted straight and branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted and unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted alkynyl groups having from 1 to 8 cart)on atoms. 
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substituted and unsubst'rtuted aryi groups, substituted and 
unsubstrtuted aralkyi groups, substituted and unsubst'rtuted 
heterocyclyl groups, substituted and unsubstituted 
heterocyciyiall<yl groups, -SH, substituted and unsubstituted -S- 
alkyl groups, substituted and unsubstituted -S(=0)2-Oalkyl 
groups, substituted and unsubstituted -S(=0)2-allcyl groups, 
subst'rtuted and unsubstituted -S(=0)rheterocyclyl groups, 
substituted and unsubstituted -S(=0>-all(yl groups, substituted 
and unsubstituted -S(=0)-heterocyclyl groups, -S(=0)-NH2. 
substituted and unsubstituted •S(=0)-N(HXalkyl) groups, 
substituted and unsubstKuted -S(=0)-N(alkyl)2 groups, -OH, 
substituted and unsubstituted allcoxy groups, substituted and 
unsubstituted lieterocyclytoxy groups, substituted and 
unsubstituted heterocyclylalkoxy groups, substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted 
-N(H)(cycloalkyl) groups, substituted and unsubstrtuted 
-N(IH)(heterocyclyl) groups, substituted and unsubstituted 
-N(l-l)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, -NH2, subst'rtuted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N(IH)-S(=0)-alkyl groups, substituted and unsubstituted 
-N(iH)-S(=0)-lieterocyclyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(alkyl)-S(=0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-S(=0)"lieterocyclyl groups, 
-N(H)-C(=0>-NH2. substituted and unsubstituted 
-N(H)-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(alkyl)2 groups, -N(alkyl).C(=0)-NH2, substituted 

and unsubstituted -N(alkyl)-C(=0)-N(H)(alkyl) groups substituted 

r 

and unsubstituted -N(alkyl)-C(=0)-N(alkyl)2 groups, substituted 
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and unsubstltuted -C(=0)-alkyl groups, substituted and 
unsubstituted -C(=0)-heterocyclyl groups, -C(=0)-NH2 groups, 
substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0)-N(all<yl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(lieterocyclyl) groups, 
substituted and unsubstituted -C(=0)-N(H)(aryl) groups, -CO2H. 
or substituted and unsubstituted -C(=0>-0-alicyl groups, or 
and may join together to form a cyclic group; 

R* is selected from -H, -F, -CI, -Br. -I, -CN, -NO2, substituted and 
unsubstituted straight and branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted and unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-SIH, substituted and unsubstituted -S-alkyI groups, substituted 
and unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-aikyl groups, substituted and 
unsubstituted -S(=0)-alkyl groups, -S(=0)2-NH2. substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)rN(alkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, -NH2. substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H>-S(=0)-alkyl groups, -C(=0)-NH2. substituted and 
unsubstituted -C(=0>-N(HXalkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, or substituted and 
unsubstituted -C(=0}-0-alkyl groups; 

R* is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstituted straight and branched chain alkyl groups having 
from 1 to 8 carbon atoms, substituted and unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substrtuted and 
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unsubstltuted alkynyl groups having from 1 to 8 carbon atoms, 
substituted and unsubstrtuted heterocyciyi groups, -SH, 
substituted and unsubstituted -S-alkyI groups, substituted and 
unsubstftuted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-all<yl groups, substituted and 
unsubstituted -S(=0)-aikyl groups, -S(=0)2-NH2. substituted and 
unsubstituted -S(=0)2-N(H){alkyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups. -OH, substituted and 
unsubstituted alkoxy groups, -NH2. substituted and 
unsubstituted -N(HXalkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)-C{=0)-alkyl groups, substituted and unsubstituted 
-N(H)-S(=0)-alkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(aikyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, or substituted and 
unsubstituted -C(=0>b-alkyl groups; or R* may be absent if A is 
nitrogen: 

R° Is selected from -H, -F. -CI. -Br, -I, -CN, -NO2, substituted and 
unsubstituted alkyi groups having from 1 to 8 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 8 
carbon atoms, substituted and unsubstituted alkynyl groups 
having from 1 to 8 carbon atoms, substituted and unsubstituted 
heterocyciyi groups. -SH, substituted and unsubstituted -S-alkyI 
groups, substituted and unsubstituted -S(=0)2-0-alkyl groups, 
substituted and unsubstituted -S(=0)2-alkyl groups, substituted 
and unsubstituted -S(=0)2-heterocyclyl groups, substituted and 
unsubstituted -S(=0)-alkyl groups, substihJted and unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)2-NH2, substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)rN(alkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, -NH2, substituted and 
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unsubstituted -N(HXdllcyi) groups, substituted and unsubstrtuted 
-N(alkyl)2 groups, substituted and unsubstrtuted 
-N(H)(hetenocyclyl) groups, substituted and unsubstrtuted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstrtuted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N{alkyl)-C(=0)-alkyl groups, substrtuted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-alkyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-heterocyclyl groups, substituted and 
unsubstrtuted -N(alkyl)-S(=0)2-alkyl groups, substituted and 
unsubstituted -N(alkyl)-S(=0)2-heterocyclyl groups, substrtuted 
and unsubstituted -C(=0)-alkyl groups, substrtuted and 
unsubstituted -C(=0)-heterocyclyl groups, -C(=0)-NH2, 
substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substrtuted and unsubstituted -C(=0)-N(alkyl)2 groups, -CO2H, 
or substituted and unsubstituted -C(=0)-C>-alkyl groups; or 
may be absent if B is nrtrogen; 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substrtuted and 
unsubstrtuted alkyi groups having from 1 to 8 carbon atoms, 
substrtuted and unsubstituted alkenyl groups having from 1 to 8 
carbon atoms, substituted and unsubstrtuted alkynyl groups 
having from 1 to 8 cartx)n atoms, substituted and unsubstrtuted 
heterocydyl groups, substituted and unsubstituted 
heteroc^clylalkyl groups, -SH, substituted and unsubstituted -S- 
alkyI groups, substituted and unsubstituted -S(=0)rO-alkyt 
groups, subsb'tuted and unsubstituted -S(=0)2-alkyl groups, 
substrtuted and unsubstrtuted -S(=0)2-heterocyclyl groups, 
substrtuted and unsubstituted -S(=0)-aikyl groups, substrtuted 
and unsubstrtuted -S(=0)-heterocyclyl groups. -S(=0)rNH2, 
substrtuted and unsubstituted -S(=0)2-N(H)(alkyl) groups. 
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substituted and unsubstrtuted -S(=0)2-N(alkyl)2 groups, -OH, 
substituted and unsubstrtuted ailcoxy groups, -NH2, substituted 
and unsubstituted -N(H)(alkyl) groups, substituted and 
unsubstituted -N(alkyl)2 groups, substituted and unsubstituted 
-N{H)(heterocyclyl) groups, substituted and unsubstrtuted 
-N(alkyl)(lieterocyclyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N{alkyl)-C(=0)-allcyl groups, substrtuted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-S(=0)-alkyl groups, substrtuted and 
unsubstituted -N(H)-S(=0)-heterocyclyl groups, substrtuted and 
unsubstrtuted -N(alkyl)-S(=0)-alkyl groups, substrtuted and 
unsubstrtuted -N(alkyl)-S(=0)-heterocyclyl groups, substrtuted 
and unsubstrtuted amidine groups, -C(=0)-NH2, substrtuted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substrtuted and 
unsubstrtuted -C(=0)-N(alkyi)2 groups, substrtuted and 
unsubstrtuted -C(=0}-N(HXheterocyclyl) groups, substrtuted and 
unsubstrtuted -C(=0>-N(H)(alkyl)(heterocyclyl) groups, 
substrtuted and unsubstrtuted -C(=0)-N(lieterocyclyl)^ groups, 
substituted and unsubstrtuted -C(=0}-alkyl groups, substituted 
and unsubstrtuted -C(=0>-heterocyclyl groups, -CO2H, or 
substrtuted and unsubstrtuted -C(=0)-0-alkyl groups; or may 
be absent if C is nrtrogen; 

IS selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstrtuted straight and branched chain alky! groups having 
from 1 to 8 carbon atoms, substrtuted and unsubstrtuted alkenyl 
groups having from 1 to 8 cait)on atoms, substituted and 
unsubstrtuted alkynyl groups having from 1 to 8 carbon atoms, 
substrtuted and unsubstrtuted heterocyclyl groups, -SH, 
substituted and unsubstrtuted -S-alkyI groups, substituted and 
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unsubstituted -S{=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-allcyI groups, substituted and 
unsubsHtuted -S(=0)-alkyl groups, -S(=0)2-NH2, substituted and 
unsubstituted -S(=0)2-N{H)(alkyl) groups, substituted and 
unsubstituted -S{=0)2-N(all<yl)2 groups, -OH, substituted and 
unsubstituted all<oxy groups, -NH2, substituted and 
unsubstituted -N(H)(all<yl) groups, substituted and unsubstituted 
-N(all<yl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-all<yl groups, substituted and unsubstituted 
-N(H)-S(=0)2-alkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0).N(H)(all<yl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)2 groups, or substituted and 
unsubstituted -C(=0)-0-all<yl groups; or may be absent if D is 
nitrogen; 

is selected from -H, substituted and unsubstituted straight 
and branched chain alkyi groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted cycloallcyl groups, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocyclyialkyi groups, substituted and unsubstituted 
heterocyclylaminoalkyi groups, substituted and unsubstituted 
alkoxy groups, or -NH2, or R® and R^° join together to form a ring 
having 5, 6, or 7 ring members; and 

R^° is -H, or R® and R^° join together to fomi a ring having 5, 6, 
or 7 ring members. 



[0141] In some embodiments of the method of Inhibiting GSK-3 In a 
subject and/or tiie metiiod of treating a biological condition mediated by GSK- 
3 activity In a subject. 
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A, B, C. and D are independently selected from caribon or 
nitrogen; 

is selected from -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straigiit or branciied chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NQa, -OH, -SH, substituted or unsubstituted alkoxy 
groups, substituted or unsubstituted -S-alkyI groups, substituted 
or unsubstituted -S(=0)rO-alkyl groups, substituted or 
unsubstituted -S(=0)2-aikyl groups, substituted or unsubstituted 
-S(=0>alkyl groups, -S(=0)-NH2, substituted or unsubstituted 
-S(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(alkyl)2 groups, -C(=0)-NH2. substituted or 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-0-alkyi groups, -NHa, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, or substituted or unsubstituted -N(H)-S(=0)-alkyl 
groups; 

Is selected -H, -F, -CI, -Br, -I, -NO2. -CN. -NH2. -CO2H. -OH, 
substituted or unsubstituted straight or branched chain alky! 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted cycloalkenyl groups, substituted or unsubstituted 
cycloalkyi groups, substituted or unsubstituted alkoxy groups, 
substituted or unsubstituted -N(HKalkyl) groups, substituted or 
unsubstituted -N(alkyl)2 groups, substituted or unsubstituted 
heterocydyl groups, substituted or unsubstituted aryl groups, 
substituted or unsubstituted alkenyl groups having from 1 to 8 
carbon atoms, substituted or unsubstituted alkynyl groups 
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having from 1 to 8 carbon atoms, -SH, substituted or 
unsubstrtuted -S-alkyI groups, substituted or unsubstituted 
-S(=0)2-0-alkyl groups, substituted or unsubstituted 
-S(=0)ralkyl groups, substituted or unsubstituted 
-S(=0)2-heterocyclyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyi groups, -S(=0)-NH2, substituted or 
unsubstituted -S(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted 
or unsubstituted -C(=0>-N(H)(all(yl} groups, substituted or ' 
unsubstituted -C(=0>-N(allcyl)2 groups, substituted or 
unsubstituted -C(:=0)-alkyl groups, substituted or unsubstituted 
-C(=0)-heterocyclyi groups, substituted or unsubstituted 
-C(=0)-0-all^ groups, substituted or unsubstituted 
-N(H)-C(BO)-alkyi groups, substituted or unsubstituted 
-N(H)-C(=0)-heterocyclyi groups, substituted or unsubstituted 
-N(H)-S(=0)-all(yl groups, substituted or unsubstituted 
-N(H)-S(=0)-heterocyclyl groups, -N(alkyl)-C(=0)-all<yl groups, 
substituted or unsubstituted -N(a!kyl)-C(=0>-iteterocyclyl groups, 
substituted or unsubstituted -N(aIkyl)-S(=0)-aII<yl groups, 
substituted or unsubstituted -N(alkyl)-S(=0)-heterocyclyl groups, 
-N(H)-C(=0)-NH2, substituted or unsubstituted 
.N(H)-C(=0>-N(HXalkyl) groups, substituted or unsubstituted 
-N(H)-C(=0>-N(alkyl)2 groups, -N(alkyl)-C(=0)-NH2, substituted 
or unsubstituted -N(alkyl)-C(=0)-N(HXaikyl) groups, or 
substituted or unsubstituted -N(alkyl)-C(=0)-N(alkyl)2 groups; or 
and may join together to form a cyclic group; 

R^ is selected from -H, -F, -CI. -Br, -I, -OH, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkoxy 
groups, -CO2H, -CN, substituted or unsubstituted -N(H)(alkyl) 



wo 2004/018419 



PCT/US2003/025990 



-85- 

groups, substituted or unsubstituted •N(H)(cycloallcyl) groups, 
substituted or unsubstituted -N(alkyl)2 groups, substituted or 
unsubstituted hetenocyclyl groups, substituted or unsubstituted 
aryl groups, substituted or unsubstituted -C(=0)-heterocyclyl 
groups, substituted or unsubstituted -C(=0)-alkyl groups, 
substituted or unsubstituted -C(=0)-N(H)(allcyl) groups, 
substituted or unsubstituted -C(=0)-N(alkyl)2 groups, 
-C(=0)-NH2 groups, substituted or unsubstituted 
-C(=0)-N(H)(heterocydyl) groups, substituted or unsubstituted 
-C(=0)-N(HXaryl) groups, substituted or unsubstituted allcenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 cartx)n atoms, 
-NO2, -SH, substituted or unsubstituted -S-aikyt groups, . 
substituted or unsubstituted -S(=0)2-0-alkyl groups, substituted 
or unsubstituted -S(=0)ralkyl groups, substituted or 
unsubstituted -S(=0)rheterocyclyl groups, substituted or 
unsubstituted -S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)-NH2, substituted or 
unsubstituted -S(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-0-alkyl groups, -NIH2, substituted or 
unsubstituted -N(HH:)(=0)-alkyl groups, substituted or 
unsubstituted -N(IH)-C(=0)-hetero(^clyl groups, substituted or 
unsubstituted -N(H)-S(=0>-alkyl groups, substituted or 
unsubstituted -N(H>5(=0)-heterocyclyl groups, substituted or 
unsubstituted -N(alkyl>-C(=0)-alkyl groups, substituted or 
unsubstituted -N(alkyl>C(=0)-hetenocyclyl groups, substituted or 
unsubstituted -N(alkyl)-S(=0)-alkyl groups, substituted or 
unsubstituted -N(alkyl)-S(=0)-heterocyclyl groups, 
-N(H)-C(=0)-NH2, substituted or unsubstituted 
-N(H)-C(=0)-N(HXalkyl) groups, substituted or unsubstituted 
-N(H)-C(=0)-N(alkyl)2 groups, -N(alkyl).C(=0)-NH2, substituted 
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or unsubstrtuted -N(alIcyl)-C(=0)-N(H)(alkyl) groups, or 
substituted or unsubstrtuted -N(alkyl)-C(=0)-N(alkyl)2 groups; or 
and may join together to fbnn a cyclic group; 

R"* is selected from of -H. -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstrtuted alkenyl 
groups having from 1 to 8 cart)on atoms, substituted or 
unsubstrtuted alkynyl groups having from 1 to 8 caribon atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted alkoxy 
groups, substrtuted or unsubstituted -S-alkyI groups, substrtuted 
or unsubstrtuted -S(=0)2-0-alkyl groups, substrtuted or 
unsubstrtuted -S(=0)2-alkyl groups, substituted or unsubstrtuted 
^(=0)-alkyl groups, -S(=0)-NH2, substrtuted or unsubstrtuted 
-S(=0)-N(H)(alkyl) groups, substrtuted or unsubstrtuted 
-S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted or 
unsubstituted -C(=0)-N(HXalkyl) groups, substrtuted or 
unsubstrtuted -C(=0)-N(alkyl)2 groups, substrtuted or 
unsubstituted -C(=0)-0-alkyl groups, -NH2, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstrtuted -N(H)-C(=0)-alkyl 
groups, or substrtuted or unsubstituted -N(H)-S(=0)-alkyl 
groups; 

R^ is selected from -H, -F, -CI, -Br, -I, substrtuted or 
unsubstrtuted straight or branched chain alkyI groups having 
from 1 to 8 carbon atoms, substrtuted or unsubstituted 
heterocyclyl groups, substituted or unsubstrtuted alkenyl groups 
having from 1 to 8 carbon atoms, substrtuted or unsubstituted 
alkynyl groups having from 1 to 8 cartxDn atoms, -CN, -N02, 
-OH, -SH, substrtuted or unsubstituted alkoxy groups, 
substrtuted or unsubstituted -S-alkyI groups, substituted or 
unsubstrtuted -S(=0)2-0^lkyl groups, substrtuted or 



wo 2004/018419 



PCTAJS2003/025990 



-67- 

unsubstituted -S(=0)2-alkyl groups, substituted or unsubstituted 
-S(=0)-aIkyl groups, -S(=0)-NH2, substituted or unsubstituted 
-S(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted or 
urisubstituted -C(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(allcyi)2 groups, substituted or 
unsubstituted -C(=0)-0-all<yl groups, -NH2, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alicyl}2 groups, substituted or unsubstituted -N{H)-C(=0)-all<yl 
groups, or substituted or unsubstituted -N(H)-S(=0)-all<yl 
groups; or may be absent if A is nitrogen; 

is selected from -H, -CI, -F, -Br, -OH, substituted or 
unsubstituted heterocyclyl groups, substituted or unsubstituted 
-N(H)(all^yl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted or unsubstituted 
alkoxy groups, substituted or unsubstituted alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 cartx)n atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted -S-alkyI 
groups, substituted or unsubstituted -S(=0)2-0-alkyl groups, 
substituted or unsubstituted -S(=0)2-alkyl groups, substituted or 
unsubstituted -S(=0)rheterocyclyl groups, substituted or 
unsubstituted -S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)-NH2, substituted or 
unsubstituted -S(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted 
or unsubstituted -C(=0)-N(H)(alkyt) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-alkyl groups, substituted or unsubstituted 
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-C(=0)-heterocydyl groups, substituted or unsubstituted 
-C(=0)-O-alkyl groups. -NH2. substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(H)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(alkyt)-C(=0)-all«yl 
groups, substituted or unsubstituted -N(alkyl)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(H)-S(=0)-alkyl groups, 
substituted or unsubstituted -N(H)-S(=0)-tieterocycly! groups, 
substituted or unsubstituted -N(alkyl)-S(=0)-alkyl groups, or 
substituted or unsubstituted -N(alkyl)-S(=0)-heterDcyclyl groups; 
or R° may be absent If B is nitrogen; 

Is selected from -H. -CI. -F. -Br, -OH, substituted or 
unsubstituted heterocyclyl groups, substituted or unsubstituted 
-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N(alkyl)(iieterocyclyl) groups, substituted or unsubstituted 
alkoxy groups, substitijted or unsubstituted alkyi groups having 
from 1 to 8 cartxsn atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted -S-alkyi 
groups, substituted or unsubstituted -S(=0)2-0-aIkyl groups, 
substituted or unsubstituted -S(=0)ralkyl groups, substituted or 
unsubstituted -S(=0)2-heterocyclyl groups, substituted or 
urisubstihJted -S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl ginoups, -S(=0)-NH2. substituted or 
unsubstituted -S(:0)-N(H)(alkyl) groups, substituted or 
unsubstituted -S(=OH4(alkyl)2 groups, -C(=0)-NH2, substituted 
or unsubstituted -C(=0).N(H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(aO)-alkyl groups, substituted or unsubstituted 
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-C(=0>-heterDcyclyl groups, substituted or unsubstituted 
-C(=0)-0^llcyl groups, -NH2, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(H)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(alkyl)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(alkyl)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(H)-S(=0)-allcyl groups, 
substituted or unsubstituted -N(H)-S(=0)-heterocyclyl groups, 
substituted or unsubstituted -N(alkyl>-S(=0)-all<yl groups, or 
substituted or unsubstituted -N(all(yl)-S(=0)-heterocyclyl groups; 
or may be absent if C is nitix)gen; 

R° is selected from -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alky! groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted 
hetenocyclyl groups, substituted or unsubstituted alkenyl groups 
having from 1 to 8 carix)n atoms, substituted or unsubstituted 
alkynyl groups having from 1 to 8 carbon atoms, -CN, -NO2, 
-OH, -SH, substituted or unsubstituted alkoxy groups, 
substituted or unsubstituted -S-alkyI groups, substituted or 
unsubstituted -S(=0)2-C)-alkyl groups, substituted or 
unsubstituted -S(=0)ralkyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, -S(=0)-NI-l2, substituted or unsubstituted 
-S(=0)-N(l-l)(alkyl) groups, substituted or unsubstituted 
^(=0)-N(alkyl)2 groups, -C(=0)-NH2. substituted or 
unsubstituted -C(=0)-N(IH)(alkyl) groups, substituted or 
unsubstituted -C(=0}-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0>O-alkyl groups, -NiH2. substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0>alkyl 
groups, or substituted or unsubstituted -N(l-i>-S(=0)-alkyl 
groups; or may be absent if D is nitrogen; 
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is selected from of substituted or unsubstituted heterocyclyl 
groups, substituted or unsubstituted aryl groups, substituted or 
unsubstituted alkoxy groups, -NH2, substituted or unsubstituted 
cycloalkyi groups, or substituted or unsubstituted straight or 
branched chain allcyl groups having from 1 to 8 cartx)n atoms, or 

and R^° join together to form a ring having 5, 6, or 7 ring 
members; or 

R^^ is --H, or and R^° join together to fomn a ring having 5, 6, 
or 7 ring members. 

[0142] In some embodiments of the method of Inhibiting GSK-3 In a 
subject and/or the mettod of treating a biological condition mediated by GSK- 
3 activity In a subject, 

R^ is selected from -H, -F, -CI, -Br, -I, and straight and branched 
chain alkyi groups having from 1 to 8 carix)n atoms; 

R^ is selected from -H, -F, -CI, -Br, -I, -CN, -CO2H, -NO2, straight 
and branched chain alkyI groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted cycloalkyi groups, 
substituted and unsubstituted cycloalkenyl groups, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
heterocyclyl groups, -OH, substituted and unsubstituted alkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
or substituted and unsubstituted -N(alkyt)2 groups; 

R^ is selected from -H, -F, -CI, -Br, -I, -CN, straight and 
branched chain alkyI groups having from 1 to 8 cartx)n atoms, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted heterocyclyl groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted 
-N(H)(cycloalkyl) groups, substituted and unsubstituted 
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-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, -CQaH, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0>-alkyl groups, substituted and unsubstituted -C(=0)- 
N(H)(alkyt) groups, substituted and unsubstituted 
-C{=0)-N(alkyl)2 groups, -C(=0)-NH2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyolyl) groups, or substituted 
and unsubstituted -C(=0)-N(H)(aryl) groups; 

R"* is selected from -H, -F, -CI, -Br, -I, and straight and branclied 
cliain alkyi groups having from 1 to 8 carbon atoms; 

is selected from -H, -F, -CI, -Br, -1, straight and branched 
chain alkyi groups having from 1 to 8 cart>on atoms, or 
substituted and unsubstituted heterocyciyi groups; or may be 
absent if A is nitrogen; 

R^ is selected from -H, -F, -CI, -Br, substituted and urjsubstituted 
alkyi groups having finom 1 to 8 carbon atoms, substituted and 
unsubstituted heterocydyl groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted 
-N(H)(heterocycly() groups, or substrtuted and unsubstituted 
-N(alkyl)(heterocyclyl) groups; or R^ may be absent if 8 is 
nitrogen; 

R^ is selected from -H, -CI, -F, -Br, substituted and unsubstituted 
alkyi groups having from 1 to 8 carbon atoms, -OH, substituted 
and unsubstituted alkoxy groups, substrtuted and unsut>stituted 
heterocydyl groups, substituted and unsubstituted -N(H}(alkyl) 
groups, substituted and unsubstituted -N(H)(heterocyclyl) 
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groups, or substituted and unsubstituted -N(alkyl)(heterocyclyl) 
groups; or may be absent if C is nitrogen; and 

is selected from -H, -F, -CI, -Br, straight and branched 
chain alkyi groups having from 1 to 8 carbon atoms, or 
substituted and unsubstituted heterocyclyl groups; or R^ may be 
absent if D is nitrogen. 

[01 43] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject. A, B, C, and D are all carbon. 

[01 44] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, one of A or D is nitrogen, and B and C are both carbon. 

[0145] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the metiiod of treating a biological condition mediated by GSK- 
3 activity in a subject, R^° is -H, and is selected from substituted and 
unsubstituted sti^ight and branched chain alkyl groups having from 1 to 8 
carbon atoms, substituted and unsubstituted cycloall^yl groups, substituted 
and unsubstituted aryl groups, substituted and unsubstituted aralkyi groups, 
substituted and unsubstituted heterocyclyl groups, subsb'tuted and 
unsubstituted heterocyclylalkyi groups, substituted and unsubstituted 
heterocydylaminoalkyl groups, substituted and unsubstituted alkoxy groups, 
or-NHa. 

[01 46] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R^ is selected from unsubstituted straight and branched 
chain alkyl groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted cycloalkyi groups, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted heterocyclylalkyi groups 
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wherein the heterocyclyl group is saturated, substituted and unsubstituted 
heterocydylalkyi groups wherein the heterocyclyl group is unsaturated, 
substituted and unsubstituted alkoxy groups, -NH2. substituted and 
unsubstituted alkoxyalkyi groups, substituted and unsubstituted hydroxyalkyi 
groups, substituted and unsubstituted dialkylaminoalkyi groups, substituted 
and unsubstituted alkylaminoalkyi groups, substituted and unsubstituted 
aminoalkyi groups, substituted and unsubstituted heterocydylaminoalkyl 
groups, substituted and unsubstituted (heterocyclyl)(alkyl)anninoallQ< groups, 
or substituted and unsubstituted alkyl-(S02)-alkyl groups. 

[01 47] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R^® is -H. and R® is selected from substituted and 
unsubstituted cycloallcyl groups, substituted and unsubstituted saturated 
heterocyclyl groups, substituted and unsubstituted heterocydylalkyi groups, or 
substituted and unsubstituted aminoallcyl groups. 

[0148] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R^ is selected from quinuclidinyl groups, pi'peridinyl 
groups, piperidinylallcyl groups, pyrrolidinyl groups, or aminocyclohexyl 
groups. In some such embodiments, R® is a quinuclidinyl group, and in further 
such embodiments R® is a quinuclidin-3-yl group. 

[0149] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R^ is selected from monocyclic, bicyclic, or polycyclic 
saturated heterocyclyl groups. 

[01 50] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R^ is selected from -H, -F, -CI, or -CH3 groups. In 
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some such embodiments is -H or-F, and (n further such embodiments, 
is-H. 

[0151] In some embodiments of the method of inhibiting 6SK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R^ is selected fifom-H. -CI. -F, -Br. -I, -CH3. -NQ2, -OMe, 
-CN, -CO2H, substituted and unsubstituted 1.2,3,6-tetFahydropyridine groups, 
substituted and unsubstituted thiophene groups, substituted and unsubstituted 
imidazole groups, substituted and unsubstituted pynole groups, substituted 
and unsubstituted 3-pyridinyl groups, substituted and unsubstituted 4-pyridinyl 
groups, phenyl, 2-substituted phenyl groups, 2,4-disubstituted phenyl groups, 
4-sub8tituted phenyl groups, 3-substituted phenyl groups, 2,6-disubstituted 
phenyl groups. 3,4-disubstituted phenyl groups, substituted and unsubstituted 
dialkylamino groups, or substituted and unsubstituted alkylamino groups. 

[01 52] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject. R^ is a substituted and unsubstituted aryl group 
selected from phenyl. 2-chtorophenyl, 2-methylphenyl, 2-ethylphenyI, 2- 
hydroxyphenyl, 2-mettTOxyphenyl, 2-to1fluorometiiylphenyl, 3-methoxyphenyl, 
3-nitrophenyl. 3-caiboxyphenyl, 3-acetylphenyl, 3-aminophenyl, 3- 
hydroxyphenyl, 3-acetamidophenyl, 3-cartx)mettioxyphenyl, 3- 
trifluorometiiylphenyl, 3-ureidophenyl, 4-chlorophenyl, 4-cyanophenyl, 4- 
hydroxyphenyl. 4-nltrophenyl, 4-ethylphenyl, 4-methylphenyl, 4- 
metiioxyphenyl, 4-acetylphenyl, 4-acetamidophenyl, 4-carboxyphenyl, 4- 
fbnnylphenyl, 4-methylthiophenyl, 4-dimetiiylaminophenyl, 4- 
carbomethoxyphenyl, 4-carboethoxyphenyl, 4-carboxamidophenyl, 4- 
(methylsulfonyl)phenyl, 4-trifluoromethylphenyl, 2,4-difluorophenyl, 2-fluoro-4- 
chlorophenyl, 2.4-dichlorophenyl, 2-amlno-4-carbomettioxyphenyl, 2-amino-4- 
carboxyphenyl, 2,6-difluorophenyl, or 3,4-(methylenedioxy)phenyl. 

[01 53] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or tiie method of treating a biological condition mediated by GSK- 
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3 activity in a subject. is selected from-H, -CI, -F, or-CHs. In some such 
emt)odiments is -F. 

[01 54] In some emlxxliments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R* is selected firom-H or -CH3. In some such 
embodiments, R* is -H. 

[01 55] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject. R^ and R" are independently selected from -H, 
saturated heteroc^clyl groups, or are absent In some such embodiments, R® 
and R' are Independently selected from -H, or saturated heterocydyl groups. 

[01 56] In some embodiments of the method of Inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, A and D are both carbon. R* is -H, and R" is -H. 

[01 57] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R® and are independently selected from -H, -F, -CI, 
-OH, or substituted and unsubstituted heterocydyl groups. In some such 
embodiments, R® Is -H and R^ is -H. 

[01 58] In some embodinients of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject. A, B, 0, and D are all carbon, and R^ R^ R^ and R^ 
are all -H. 

[01 59] In sane embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, R' is selected from -H. -F, -O, -Br, -CH3, -OH, -CN, 
substituted and unsubstituted aryl groups, substituted and unsubstituted 
heterocydyl groups, substituted and unsubstituted alltoxy groups, substituted 
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and unsubstituted alkylamino groups, substituted and unsubstituted 
dialkylamino groups, substituted and unsubstituted -C(=0)-hetefocyclyl 
groups, substituted and unsubstituted -C(=0>.N(all<yl)2 groups. or-C(=0)-NH2 
groups. 

[01 60] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, is selected from -H, -F, -CI, -Br, -CH3, -CN, -OMe, 
hydroxyalkylamino groups, diall<ylamino groups, dialkylaminoaikylamino 
groups, alkoxyalkylamino groups, substituted and unsubstituted 
heterocyclylalkylamino groups, acetamidoaikylamino groups, cyanoalkylamino 
groups, thioalkylamino groups, (methylsulfonyl)alkylamino groups, 
cycloalkylalkylamino groups, dialkylaminoalkoxy groups, heterocyclylalkoxy 
groups, substituted and unsubstituted piperldinyl groups, substituted and 
unsubstituted imidazolyl groups, substituted and unsubstituted morpholinyl 
groups, substituted and unsubstituted pynolyl groups, substituted and 
unsubstituted pyrrolidlnyl groups, substituted and unsubstituted piperazinyl 
groups, substituted and unsubstituted aryt groups, substituted and 
unsubstituted -C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-N(alkyl)2 groups, or -C(=0>-NH2 groups. 

[01 61] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity In a subject, is selected from substituted and unsubstituted 
alkylamino groups or substituted and unsubstituted dialkylamino groups. In 
some such embodiments, R^ is a dimethylamino group. 

IPI 62] In some embodiments of the method of Inhibiting GSK-3 in a 
sut^ect and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject. A, B, C, and D are all carbon, and R*. R^ R®, R^ R^ 
and R^" are all -H. 
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[01 63] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, the IC50 value of the compound is less than or equal to 
10 iiM with respect to GSK-3. In other such embodiments, the IC50 value is 
less than or equal to 1 \iM, is less than or equal to 0.1 ^M, is less than or 
equal to 0.050 jiM, is less than or equal to 0.030 ^M, is less than or equal to 
0.025 ^M, or is less than or equal to 0.010 ^M. 

[01 64] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject, the subject is a mammal and in some such 
embodiments is a human. 

[01 65] In some embodiments of the method of treating a biological 
condition mediated by GSK-3 activity in a subject, the biological condition is 
diabetes, and in some such embodiments the biological condition is 
noninsulin dependent diabetes mellitus (NIDDM). In other such 
embodiments, the biological condition is Alzheimer's disease or is bipolar 
disorder. 

Methods Relating to Cyclin Dependent Kinase 2 

[01 66] In some embodiments of the method of Inhibiting a 
serine^reonine kinase in a subject and/or the method of treating a biological 
condition mediated by serine/threonine kinase activity in a subject using a 
compound of Staicture I, a tautomer of the compound, a phamiaceutically 
acceptable salt of the compound, a phamiaceutically acceptable salt of the 
tautomer, or mixtures thereof, the serine/threonine kinase is Cdk2. In some 
such methods, the Cdk2 is inhibited in the subject after administration. In 
methods of inhibiting Cdk2, Structure I has the following fomnula: 
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I 

where: 

A, B, C, and D are independently selected from carbon or 
nitrogen; 

R\ R*. R®, and R® are independently selected from -H or 
substituted and unsubstrtuted straight and branched chain alkyi 
groups having from 1 to 8 carbon atoms; or R^ may be absent if 
A is nitrogen; or R° may be absent if D is nitrogen; 

R^ and R^ are Independently selected from -H, -F, -CI, -Br, -I, 
-CN, -N02» substituted and unsubstituted alkyI groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryi groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstituted heterocyclyl 
groups, or substituted and unsubstituted heterocyclylalkyi 
groups, -NHa, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N{alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(alkyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(heterocyclyl) 
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groups, substituted and unsubstituted -N(alkyl)(heterocyclyl) 
groups, substituted and unsubstituted -N(heterocyclyl)2 groups; 

and are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyi groups having 
from 1 to 12 cart)on atoms, substituted and unsubstituted 
alkenyt groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalicyl groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocydyloxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(H)(heterocyclyl) 
groups, substituted and unsubstituted -Ni[alkyl)(heterocyclyl) 
groups, substituted and unsubstituted -N(heterocyclyl)2 groups, 
substituted and unsubstituted -N(fH)(heterocyclyfalkyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(heterocyclylalkyl)2 groups, 
substituted and unsubstituted -N(H>-C(=0>-alkyl groups, 
substituted and unsubstituted -N(H)-C(=0>-heterocyclyl groups, 
or substituted and unsubstituted -N(H)-C(=0)-heterocyclylalkyl 
groups; or R^ may be absent if B is nitrogen; or R^ may be 
absent if C is nitrogen; 

R^ is selected from -H, substituted and unsubstituted aikyi 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted heterocyclyl groups, substituted 
and unsubstituted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
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heterocycfyloxy groups^ substituted and unsubstituted 
heterocyclylaikoxy groups, substituted and unsubstituted 
-C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylall<yl groups; and 

R^^is-H. 

[01 67] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject. 



and R^ are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
araikyi groups, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocyclylalkyi groups, 
-NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(aikyi)2 groups, substituted arid 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(alkyl)(aryl) groups, or substituted and unsubstituted -N(aryi)2 
groups; 

R® and R^ are independently selected from -H. -F. -CI, -Br, -I. 
substituted and unsubstituted alkyi groups having from 1 to 8 
carbon atoms, substituted and unsubstituted heteroc^lyl 
groups, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyclylaikoxy groups. 
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substituted and unsubstituted -N(H)(heterocyclyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclyl) groups, 
substituted and unsubstituted -N(heterocyclyl)2 groups, or 
may be absent if B is nitrogen and may be absent if C is 
nitrogen.. 

[01 68] In some embodiments of the method of inhibiting Cdl<2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, A, B, C, and D are all carbon. 

[0169] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, one of A or D is nitrogen, and B and C are both cartx)n. 

[0170] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, R^ fs selected from -H, substituted and unsubstituted 
chain alkyi groups having from 1-12 carbon atoms, substituted and 
unsubstituted aryl groups, substituted and unsubstituted aralkyi groups, 
substituted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, substituted and unsubstituted alkoxy 
groups, or substa'tuted and unsubstituted heterocydylalkoxy groups. 

[0171] In some embodiments of ttie method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, R^ is selected from -H, substituted and unsubstituted 
straight or branched chain alky! groups having from 1-8 carbon atoms, 
substituted and unsubstituted saturated heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups wherein the heterocyclyl moiety is 
saturated, substituted and unsubstituted alkoxy groups, or substituted and 
unsubstituted heterocydylalkoxy groups wherein the heterocydyl moiety is 
saturated* 
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[01 72] In some embodiments of the method of inhibiting Cdl<2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, is selected from -H, unsubstituted straight or branched 
chain alkyi groups having from 1-8 carbon atoms, aminoalkyi groups, 
alkylaminoalkyi groups, dialkyla^ninoalM groups, substituted and 
unsubstituted saturated heterocyclyl groups, or substituted and unsubstituted 
heterocydylalkyl groups wherein the heterocyclyl moiety is saturated. 

[01 73] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, Is selected from pynolidinyl, pyn-olidinylalkyi, 
piperidinyl, piperidinylalkyi, or quinuclidinyl. 

[01 74] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity In a subject, R^ is -H. 

[01 75] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the mettiod of treating a b'lologlcal condition mediated by Cdi^ 
activity in a subject. R^ Is selected finom -H. -F, -CI, -Br, -I, -NO2. -CN, -NH2, 
substituted and unsubstituted straight or branched chain alkyI groups having 
from 1 to 8 carbons, substituted and unsubstituted aryi groups, or substituted 
and unsubstituted p^dlnyl groups. In some such embodiments, Is 
selected finom -H, -F, -CI. -Br, -I, -CN, unsubstituted straight or branched 
chain alkyI groups having firom 1 to 8 carbons, dihalophenyi, cart)oxyphenyl, 
aminophenyl, aminocarboxyphenyl, metiiylcarboxyphenyl, or hydroxyphenyl. 
In other such embodiments, is selected from -H, -F, -CI, -Br, -I, -CN, 
-CH3, 2,6-drfluorophenyl, 4-carboxyphenyl, 3-aminophenyl, 2-amina4- 
methylcariaoxyphenyl, 3-metiiylcarboxyphenyl, or 3-hydroxyphenyl. 

[01 76] In some embodiments of ttie method of Inhibiting Cdk2 in a 
subject and/or the mettiod of treating a biological condition mediated by Cdk2 
'activity in a subject, R^ Is selected from ttie group consisting of -H, -F, -CI, -Br. 
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-I, substituted and unsubstituted straight or branched chain alkyi groups 
having from 1 to 8 carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted arallcyl groups. In some such embodiments, 
is selected from -H, -F, -CI, -Br, -I, unsubstituted straight or branched chain 
alkyI groups having from 1 to 8 carbon atoms, aminoalkylamino groups, or 
substituted aryl groups. In other such embodiments, is selected from -H, 
-F, -CI, -Br, -CH3, 2-aminopropylamino groups, or4-carboxamldophenyl, or R^ 
is selected from -H, -F, -CI, -Br, or -CH3. 

[0177] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, R"* is -H. 

[01 78] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, R^ or R® is -H, or are both -H. 

[01 79] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity In a subject, R® and R^ are Independentiy selected from-H. -F, -CI, 
-Br, -I, -OH, substituted and unsubstituted -N(alkyl)(piperldinyi), substituted 
and unsubstituted piperidinyl groups, substituted and unsubstituted 
morpholinyl groups, or substituted and unsubstituted piperazjnyl groups; or R^ 
may be absent if B is nitrogen; or R^ may be absent if G is nitrogen. In some 
such embodiments, R® and R^ are independentiy selected from -H, -F, -CI, 
-OH, substituted and unsubstituted -N(metiiyl)(4-(N-methylpiperidinyl)), N- 
morpholinyl groups, or 4-N-methylpiperazinyl groups; or R® may be absent If B 
is nitrogen; or R^ may be absent rf C is nitrogen. In other such embodiments, 
R® and R^ are both --H, and B and C are both carbon. 

[01 80] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or ttie method of treating a biological condition mediated by Cdk2 
activity in a subject, R® and R® are both -H, and A and D are both carbon. 
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[01 81] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, the IC50 value of the compound is less than or equal to 1 0 

with respect to Cdk2. In other such embodiments, the IC50 value is less 
than or equal to 1 ^M, is less than or equal to 0.1 )xM, is less than or equal to 
0.050 ^M, is less than or equal to 0.030 ^M, is less than or equal to 0.025 ^M, 
or is less than or equal to 0.010 }xM. 

[01 82] In some embodiments of the method of inhibiting Cdk2 in a 
subject and/or the method of treating a biological condition mediated by Cdk2 
activity in a subject, the subject is a mammal or is a human. 

[01 83] In some embodiments of the method of treating a biological 
condition mediated by Cdk2 activity in a subject, the biological condition is 
cancer. 

Methods Relating to Checkpoint Kinase 1 

[01 84] In some embodiments of tiie method of inhibiting a 
serine/threonine kinase in a subject and/or the method of treating a biological 
condition mediated by serine/threonine kinase activity In a subject using a 
compound of Structure I, a tautomer of the compound, a phanmaceutically 
acceptable salt of the compound, a pharmaceutically acceptable salt of tiie 
tautomer, or mixtures thereof, the serine/threonine kinase is CHK1. In some 
such methods, the CHK1 is inhibited in the subject after administration. In 
methods of inhibiting CHK1, Structure I has the following fomiula: 
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where, 

A, B, C, and D are independently selected from carbon or 
nitrogen: 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstrtuted allcyl groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted allcenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted alkynyl groups 
having from 1 to 8 carbon atoms, substituted and unsubstituted 
heterocyclyl groups, -OH, substituted and unsubstituted aikoxy 
groups, substituted and unsubstituted aryloxy groups, 
substituted and unsubstituted arylalkoxy groups, substituted and 
unsubstituted heterocyclyloxy groups, substituted and 
unsubstituted heterocyclylalkoxy groups,-SH, substituted and 
unsubstituted -S-alkyI groups, -NI-I2, substituted and 
unsubstituted -N(l-IXalkyi) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(alkyi)(heterocyclyl) groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
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-N(alkyl)(heterocyclylalkyl) groups, or substituted and 
unsubstituted -N(heterocyclyialkyl)2 groups; 

and are independently selected from -H, -F, -CI, -Br, -I, 
-NOa, -CN, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted alkynyl groups having fiom 1 to 8 carbon 
atoms, substituted and unsubstituted aryl groups, substituted 
and unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -SH, substituted and unsubstituted -S- 
alkyl groups, substituted and unsubstituted -S(=0)2-0-alkyl 
groups, substituted and unsubstituted -S(=0)ralkyl groups, 
substituted and unsubstituted -S(=0)2-heterocyclyl groups, 
substituted and unsubstituted -S(=0>-alkyl groups, substituted 
and unsubstituted -S(=0)-heterocyclyl groups, -S(=0)2-NH2, 
substituted and unsubstituted -S(=0)2-N(H)(alkyl) groups, 
substituted and unsubstituted -S(=0)rN(alkyl)2 groups, 
substituted and unsubstituted -S(=0)2-N(H)(aryl) groups, 
substituted and unsubstituted -S(=0)2-N(alkyl)(aryl) groups, 
substituted and unsubstituted -S(=0)2-N(aryl)2 groups, 
substituted and unsubstituted -S(=0)2-N(H)(aralkyl) groups, 
substituted and unsubstituted -S(=0)2-N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -S(=0)2-N(aralkyl)2 groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heteroc^dyloxy 
groups, substituted and unsubstituted heten3<^clylalkoxy 
groups. -NH2. substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
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-N(alkyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(all<yl)(lieterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclyialkyl) groups, substituted and 
unsubstituted -N(all<yl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and- 
unsubstituted -N(H).S(=0)2-alkyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-aryl groups, substituted and 
unsubstituted -N(H)-S(=0)2-aralkyl groups, substituted and 
unsubstituted -N(H)-S(=0)rheterocyclyl groups, substituted and 
unsubstituted -N(H>«(=0)2-heterocyclylalkyl groups, substituted 
and unsubstituted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-aryl groups, substituted and 
unsubstituted -N(H)-C(=0)-aralky! groups, substituted and 
unsubstituted -N(H>C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=OHieterocydylalkyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0>^lkyl groups, substituted and 
unsubstituted -N{alkyl)-C(=0>aryl groups, substiferted and 
unsubstituted -N(alkyl)-C(=0)-aralkyl groups, substituted and 
unsubstituted -N(aikyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-iieterocyciylalkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)-alkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)-aryl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)-aralkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)-r)eterocyclyl " 
groups, substituted and unsubstituted 
-N(aIkyl)-S(=0)-iieterocydylalkyl groups, -N(H)-C(=0)-NH2. 
substituted and unsubstituted -N(H)-C(=0)-N(HKalkyl) groups. 
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substituted and unsubstituted -N(H)-C{=0>-N(alkyl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-N(H)(aryl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(alkyl)(aryl) groups, 
substituted and unsubstituted -N{H>-C(=0)-N(aryl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-N(H)(aralkyl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(alkyl)(aralkyl) 
groups, substituted and unsubstituted -N(H)-C(=0)-N(aralkyl)2 
groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(H)-C(=0)-N(alkyl)(heterocyclyl) groups, 
substituted and unsubstituted -N(H><;(=0)-N(hetero(^clyl)2 
groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(H)-C(=0)-N(alkylXheterocyciylalkyl) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(heterocyclylalkyl)2 
groups, substituted and unsubstituted -N(alkyl>-C(=0)-NI-l2 
groups, substituted and unsubstituted 

-N(alkyl)-C(=0)-N(i-l)(alkyl} groups substituted and unsubstituted 
-N(alkyl)-C(=0)-N(alkyl)2 groups, substituted and unsubstituted 
-N(alkyl)-C(=0>-N(H)(aryl) groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-N(alkyl)(aryl) groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-N(H)(aralkyl) groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)-C(=0)-N(aralkyl)2 
groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl>-C(=0)-N(alkyl)(heteroGycIyl) groups, 
substituted and unsubstituted -N(alkyl)-C(=0)-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)-C(=0}-N(alkylXheterocyclytalkyl) groups. 
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substituted and unsubstituted 

-N(alkyl)-C{=0)-N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -C(=0)-alkyi groups, substituted and unsubstituted 
-C(=0)-aryl groups, substituted and unsubstituted -C(=0)-arall<yl 
groups, substituted and unsubstituted -C(=0)-Iieterocyclyl 
groups, substituted and unsubstituted -C(=0>-hetero(7clyiaikyl 
groups. -C(=0)-NH2, substituted and unsubstituted 
-C(=0)-N(H)(all<yl) groups, substituted and unsubstituted 
-C(=0)-N(allcyl}2 groups, substituted and unsubstituted 
-C(=0)-N(HXaryl) groups, substituted and unsubstituted 
-C(=0)-N(all(yl)(aryl) groups, substituted and unsubstituted 
-C(=0)-N(aryl)2 groups, substituted and unsubstituted 
-C(=0)-N(HXarall<yl) groups, substituted and unsubstituted 
-C(=0)-N(alkylKarall(yl) groups, substituted and unsubstituted 
-C(=0)-N(aralkyi)2 groups, substituted and unsubstituted 
-C(=0)-N(H}(heterocyclyl) groups, substituted and unsubstituted 
-C(==0)-N(allcyl)(heterocyciyl) groups, substituted and 
unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(hetero(^ylall<yl) groups, substituted 
and'unsubstituted -C(=0>-N(all<yl)(lieterocyclylall<yi) groups, 
substituted and unsubstituted -C(=0)-N(heterocyciylail<yi)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-aryl groups, 
substituted and unsubstituted -C(=0)-0-heterocydyl groups, or 
substituted and unsubstituted -C(=0)-0-heterocyclylall<yl 
groups; 

is selected from -H or substituted and unsubstituted allcyl 
groups having from 1 to 12 carbon atoms; 
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and are Independently selected from -H, substituted and . 
unsubstrtuted alky! groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted heterocydyl 
groups; or R^ may be absent if A is nitrogen; or R® may be 
absent if D is nitrogen; 

R® and R^ are Independently selected from -H, -F, -^1, -Br, -I, 
-NO2. -CM, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted alkynyl groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocydyl groups, 
substituted and unsubstituted heterocyclylalkyi groups, -SH, 
substituted and unsubstituted -S-aikyI groups, substituted and 
unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)2-alkyl groups, substituted and 
unsubstrtuted -S(=0)rheterocyclyl groups, substituted and 
unsubstituted -S(=0)-alkyl groups, substituted and unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)2-NH2, substituted and 
unsubstituted -S(=0)2-N(H)(a!kyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups, substituted and 
unsubstituted -S(=0)2-N(H)(heterocyclyl) groups, substituted 
and unsubstituted -S(=0)rN(alkyl)(heterocyclyl) groups, 
substituted and unsubstituted -S(=0)rN(heterocyclyl)2 groups, 
substituted and unsubstituted -S(=0)2-N(H)(heterocyclylalkyl) 
groups, substitijted and unsubstituted 
-S(=0)rN(alkyl)(hetenocyclylalkyl) groups, substituted and 
unsubstituted -S(=0)2-N(heterocyclylalkyl)2 groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heterocyciyloxy 
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groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, sut)stituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(alkyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(aralkyl) groups, 
substituted and unsubstituted -N(alkyl)(aralkyl} groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, subsb'tuted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)(heterocycl^alkyl) groups, subsb'tuted and 
unsubstituted -N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H>^(=0)raikyl groups, substituted and 
unsubstitijted -N(H)-S(=0)2-heterocyciyl groups, substituted and 
unsubstituted -N(H)-S(=0)rheterocyclylalkyl groups, substituted 
and unsubstituted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclylalkyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0>-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-heterocyclylalkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)ralkyl groups, 
substituted and unsubstituted -N(alkyl)-S(=0)2"heterocyclyl 
groups, substituted and unsubstituted 
-N(alkyl>-S(=0)2-heterocyclylalkyl groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-hetenocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, substihited and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substitijted and 
unsubstituted -C(=0}-N(alkyl)2 groups, substituted and 
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unsubstrtuted -C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aralkyl) groups, substituted and 
unsubstituted .C(=0)rN(arailcyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(lieterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N{lieterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heterocyclylalkyl) groups, 
substituted and unsubstituted -C(=p>N(alkyl)(heterocyclylalkyl) 
groups, substituted and unsubstituted 
-C(=0)-N(heterocyclylalkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0).0-alkyl groups, substituted and 
unsubstituted -C(=0)-0-heterocyclyl groups, or substituted and 
unsubstituted -C(=0)-0heterocyclylalkyl groups; or may be 
absent if B Is nitrogen; or may be absent if C Is nitrogen; 

R^ Is selected from -H, substituted and unsubstituted alky! 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted aryl groups, substituted and unsubstituted aralkyl 
groups, substituted and unsubstituted iieterocyclyl groups, 
substituted and unsubstituted heterocyclylafkyi groups, 
substituted and unsubstituted fieterocyclylaminoalkyi groups, 
substituted and unsubstituted alkoxy groups, or -NH2, or R^ and 
R^° join together to fomi one or more rings, each having 5, 6, or 
7 ring members; and 

R^® is -H, or R® and R^° join togettier to form one or more rings, 
each having 5, 6, or 7 ring members. 
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[01 85] In some embodiments of the method of inhlbfting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, 



is selected from -H, -F. -CI, -Br, -I. -CN. -NO2. substituted and 
unsubstituted straight and branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted and unsubstituted 
cydoalkyl groups, substituted and unsubstituted alkenyl groups 
having from 1 to 12 cart>on atoms, substituted and unsubstituted 
heterocyclyl groups, -OIH, substituted and unsubstituted alkoxy 
groups, substituted and unsubstituted aryloxy groups, 
substituted and unsubstituted arylalkoxy groups, substituted and 
unsubstituted heterocydyloxy groups, substituted and 
unsubstituted heterocyclylalkoxy groups, -NH2, substituted and 
unsubstituted -N(H)(alkyi} groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclyl) groups, substituted and unsubstituted 
»N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(iH)(heterocyciylalkyl) groups, or substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups; 

and R^ are independently selected from -H, -F, -CI, -Br, -I, 
-NO2, -CN, substituted and unsubstituted alkyI groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted alkynyl groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted aryl groups, substituted 
and unsubstituted aralkyf groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heteiDcyclylalkyI groups, -OH, substituted and unsubstituted 
alkoxy groups, substituted and unsubstituted aryloxy groups. 
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substituted and unsubstituted arylalkoxy groups, substituted and 
unsubstituted heterocydyloxy groups, substituted and 
unsubstituted heterocydylalkoxy groups, -NH2, substituted and 
unsubstituted -N(H)(all<yl) groups, substituted and unsubstituted 
-N(allcyl)2 groups, substituted and unsubstituted -N(H)(aryl) 
groups, substituted and unsubstituted -N(alkyl)(aryl) groups, 
substituted and unsubstituted -N(aryl)2 groups, substituted and 
unsubstituted -N(l-i)(aralkyl) groups, substituted and 
unsubstituted -N(alkyl)(afalkyl) groups, substituted and 
unsubstituted -N(aralkyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyi) groups, substituted and unsubstituted 
-N(hetero(^yl}2 groups, substituted and unsubstituted 
-N(i-I)(hetero(^clylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(heterocyclylalkyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0>^lkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-aryl groups, substituted and unsubstituted 
-N(H)-C(=0)-aralky! groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclyf groups, substituted and unsubstituted 
-N(H)-C{=OHieterocyclylalkyl groups, substituted and 
unsubstituted -N(aikyl)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(aikyl)-C(=0)-aryl groups, substituted and 
unsubstituted -N(alkylK;(=0)-aralkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-C{=0>-heterocydylalkyl groups, 
-N(H)-C(=0)-NH2. substituted and unsubstituted 
-N(H)-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(alkyl)2 groups, substitijted and unsubstituted 
-N(H)-C(=0)-N(H)(aryl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(a!kyl)(aryl) groups, substituted and unsubstituted 
-N(H>-C(=0)-N(aryl)2 groups, substituted and unsubstituted 
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-N(H)-C(=0)-N(H)(aralkyl) groups, substituted and unsubstftuted 
-N(H)-C(=0)-N(alkyl)(aralkyl) groups, substituted and 
unsubstltuted -N(H>C(=0)-N(aralkyl)2 gtpups, substituted and 
unsubstituted -N(H)-C(=0)-N(H)(heterocyclyI) groups, 
substituted and unsubstituted -N(H)-C(=0)-N(ali(ylXheterocyclyl) 
groups, substituted and unsubstituted 
-N(H)-C(=0)-N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)-N(H)(heterocyclyla!kyl) groups, 
substituted and unsubstituted 

-N(H)-C(=0)-N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(H)-C(=0)-N(hetero(^ciytalkyl)2 groups, 
substituted and unsubstituted -N(alkyl)-C(=0}-NH2 groups, 
substituted and unsubstituted -N(alkyi)-C(=0)-N(HXalkyl) 
groups, substituted and unsubsta'tuted -N(all^l)-C(=0)-N(H)(aryl) 
groups, substituted and unsubstituted 
-N(alkyl)-C(=0>-N(H)(aralkyl) groups, substituted and 
unsubstituted -N(a!kyl)-C(=0)-N(HXheterocycIyl) groups, 
substituted and unsubstituted 

-N(alkyl)-C(=0)4SI(HXIieterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0)-aikyl groups, substituted and unsubstituted 
-C(=0)-aryl groups, substituted and unsubstituted -C(=0>-aralkyl 
groups, substituted and unsubstituted -C(=0)-hete[ocyclyt 
groups, substituted and unsubstituted -C(=0)-heterocyciyialkyl 
groups, -C(=0>4vJH2, substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-C(=0)-N(aikyt)2 groups, substituted and unsubstituted 
-C(=0)-N(HXary!) groups, substituted and unsubstituted 
-C(=0)-N(alkylXaryl) groups, substituted and unsubstituted. 
-C(=0)-N(aryi)2 groups, substituted and unsubstituted 
-C(=0)-N(HXaraIkyl) groups, substituted and unsubstituted 
-C(=0>-N(alkyl)(aralkyl) groups, substituted and unsubstituted 
-C(=0)-N(aralkyl)2 groups, -CO2H, substituted and unsubstituted 
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-C(=0)-0-alkyl groups, substrtuted and unsubstituted 
-C(=0)-0-aryl groups, substrtuted and unsubstituted 
-C(=0)-0-heterocyclyl groups, or substituted and unsubstituted 
-C(=0)-0-heterocyclylalkyl groups; 

and are independently selected from -H, -F, -CI, -Br, -I, 
-NO2, -CN, substituted and unsubstituted alky! groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substrtuted 
and unsubstituted alkynyl groups having from 1 to 8 cartx)n 
atoms, substrtuted and unsubstituted heterocyclyl groups, 
substituted and unsubstituted heterocyclylalkyi groups, 
-S(=0)2-NH2. substituted and unsubstituted -S(=0)2-N(H)(alkyl) 
groups, substituted and unsubstituted -S(=0)2-N(alkyi)2 groups, 
-OH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heterocyclyloxy 
groups, substituted and unsubstituted heterocydylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclyl) groups, substituted and 
urisubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclylalkyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substihjted 
and unsubstituted -N(alkyl)-C(=0)-heterocyclylalkyl groups. 
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substituted and unsubstituted -C(=0)-alkyl groups, substituted 
and unsubstituted -C(=0)-heterocyclyl groups, substituted and 
unsubstituted -C(=0)-hetert)cydylalkyl groups, -C(=0)-NH2, 
substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0>-N(H)(heterocyclyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(lieterocyclyl) 
groups, substituted and unsubstituted -C(=0>-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-C(=0)-N(H)(lieterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(lieterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyclylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-0-heterocyclylalkyl groups; or R® may be absent if B is 
nitrogen; or may be absent if C is nitrogen. 

[0186] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. A, B, C, and D are all cartx)n. 

[01 87] in some embodiments of the mettiod of inhibiting CIHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, one of A or D is nitrogen, and B and C are both carbon. 

[0188] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CiHK1 
activity in a subject, R^° is -H, and R^ is selected from substituted and 
unsubstituted straight and branched chain alky! groups having from 1 to 8 
carbon atoms, substituted and unsubstituted cycioalkyi groups, substituted 
and unsubstituted aryl groups, substituted and unsubstituted aralkyi groups. 
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substftuted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, or substituted and unsubstituted 
heterocyclylaminoallcyi groups. 

[01 89] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, is -H, and R® is selected from unsubstituted straight 
and branched chain all^ groups having from 1 to 8 carbon atoms, substituted 
and unsubstituted cycloalkyi groups, substituted and unsubstituted 
hydroxyall<yl groups, substituted and unsubstituted dialkylaminoalltyl groups, 
substituted and unsubstituted allcyiaminoalkyi groups, or substituted and 
unsubstituted aminoall«yl groups. In some such embodiments, is -H, and 
R^ Is selected from 2-amino-4-methy!-pentyl, 2-amino-3-methyl-butyl, 2- 
amino-butyl, 2,2-dlmethyl-3-amino-propyl, 1-aminomethyl-propyl, 2-hydroxy-3- 
amino-propyl, 3-aminopropyl, 2-dlmethylamino-ethyI, 2-methylamino-ethyl, 2- 
hydroxy-ethyl, or2-amino-ethyl. 

[01 90] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CIHK1 
activity in a subject, R^** is -H and R® is selected from substituted and 
unsubstituted cydoailcyl groups, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralityl groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted heterocyclylall^yl groups, or 
substituted and unsubstituted heterocyclylamlnoalkyi groups. In some such 
embodiments, R^° is -H and R® Is selected from substituted and unsubstituted 
phenylpropyl groups, substituted and unsubstituted phenylmethyl groups, or 
substituted and unsubstituted phenyl groups. In other such embodiments, R^° 
is -H and R® is selected from phenyl, 4-amlnomethyl-phenylmethyl, 2-(2- 
amino-ethyIoxy)-phenylmethyl, 4-(2-amino-ethyloxy)-phenylmethyl, 4- 
sulfonamido-phenylmethyl, 1-ben^-2-amino-ethyl. or 2-amino-3-phenyl- 
propyl. 
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[01 91] in some embodfments of the method of inhibrta'ng CHK1 in a 
subject and/or the method of treating a biological condition mediated by CtHKI 
activity in a subject, is -H and is selected from substituted and 
unsubstituted cydohexyl groups, substituted and unsubstituted 
cyclohexylalkyi groups, substituted and unsubstituted pymolidinyl groups, 
substituted and unsubstituted pynolidinylalkyl groups, substituted and 
unsubstituted tetrahydrofuranyialkyl groups, substituted and unsubstituted 
piperidinyl groups, substituted and unsubstituted piperldinyialkyi groups, 
substituted and unsubstituted piperazinytalkyl groups, substituted and 
unsubstituted morpholinylalkyi groups, or substituted and unsubstituted 
quinudidinyl groups. In some such embodiments, is selected from 
cydohexyl, cydohexyimettiyl, 1-cyck)hexyiethyl, 2-amino-cydohexyl. 4-amino- 
cyclohexyl, pynrolidin-3-yl. 1-methyl-pym}ldin-3-yl. 1-ethyl-pynfx>lidin-2-yl, 
pynolidin-2-ylmethyl, 1-ettiyl-pynfolkJin-2-ylmethyl, pyrrolidln-l-ylethyl. 1- 
mettiyl-pynolidin-2-ylethyl, pynrotklin-1-ylpropyl, 2-oxo-pynolidin-1-ylpropyl. 
tetrahydrofuran-2-yfmeUiyl, piperidinh3-yl, 1-ethyl-piperidin-3^yl, piperidin-4-yl, 
1-methyl-plperidin-4-yl. 1-benzyl-piperidin-4-yl, pipendin-2-ylmethyl. piperidin- 
3-y!methyl, piperidin-4-ylmethyl, piperidin-1-ylethyl, piperidin-2-ylethyl, 4- 
methyl-plperazln-l-ylpropyl, morpholin-4-yletiiyl, morpholin-4-ylpropyl, or 
quinudidin-3-yl. In other such embodiments. R^ is a qulnudidln-3-yl. In 
further such embodiments R^ Is a plperidin-3-ylmetiiyl. In other such 
embodiments. R® Is seleded from pym>lidin-a-yl. 1-methyl-pyrrolidln-3-yl. or 
pynx)lidin-2-ylmethyl. 

[01 92] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a btologlcal condition mediated by CHK1 
activity in a subject. R^° is -H and R^ is selected from substituted and 
unsubstituted imidazolylalkyi groups, substituted and unsubstituted pyridinyl 
groups, substituted and unsubstituted pyridlnylalkyi groups, substituted and 
unsubstituted pyridinylaminoalkyi groups, substituted and unsubstituted 
pyrimldlnylalkyi groups, substituted and unsubstituted pyrazinylalkyl groups. 
. substituted and unsubstituted indolylalkyi groups, substa'tuted and 
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unsubstituted benzimidazolylalkyi groups. In some such embodiments, is 
-+1 and is selected from 3-(imida2ol-1-yl)-propyl, 3-(imldazoM-yl)-propyl, 
pyridln-2-yl, pyridin-4-yl, 2-methoxy-pyridin-5-yl, 2-(piperidin-4-yloxy)-pyridin- 
3-yl, 2-(piperidin-3-yloxy>-pyridin-5-yl, pyridin-3-ylmethyl. pyridin-4-ylmethyl, 
pyridin-2-ylethyl, pyridin-3-ylethyl, 2-(5-trifluromethyl-pyridin-2-ylamino)-ethyl, 
2-(2-carboxamldo-pyridin-5-ylamino)-ethyl, 2-(4-amino-5-nltro-pyrldin-2- 
ylamlno>-ethyl, pyridin-2-ylpropyl, pyrazin-2-yl, 2-methyl-4-amino-pyrazln-5-yl, 
5-fluoro-indol-3-ylethyl. ben2lmidazol-2-ylmethyl, benzimidazol-5-ylmethyl, 2- 
piperidin-4-yl-benzimidazol-5-ylmethyl, and benzimidazol-2-ylethyl. 

[01 93] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, is selected from monocyclic, bicyclic, and polycyclic 
saturated heterocyclyl groups. 

[01 94] In some embodiments of the method of Inhibiting CHK1 In a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity In a subject, R® and R^° join together to form one or more rings, each 
having 5, 6, or 7 ring members. 

[0195] In some embodiments of the method of inhibiting CHK1 In a 
subject and/or the mettiod of treating a biological condition mediated by CHK1 
activity In a subject, R^ is selected from -H, -F, -CI, -Br. -1. substituted and ^ 
unsubstituted straight and branched chain alkyi groups having from 1 to 4 
carbon atoms, substituted and unsubstituted heterocyclyl groups, -OH, 
substituted and unsubstituted allcoxy groups, substituted and unsubstituted 
aryloxy groups, substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyclylalkoxy groups, or substituted and 
unsubstituted -N(H)(alkyl) groups. In some such embodiments, R^ is selected 
from -H, -F, -CI, -CH3, substituted and unsubstituted piperazinyl groups, 
-OCH3, substituted and unsubstituted phenyloxy groups, substituted and 
unsubstituted piperidinyloxy groups, substituted and unsubstituted 
quinuclidinyloxy groups, substituted and unsubstituted morpholinylalkoxy 
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groups, or -NCH3. In other such embodiments, is selected from 4-methyl- 
piperazin-1-yl, 4-ethyl-piperazin-1-yl, 4-amino-phenyloxy, 3-dimethylamlno- 
phenyloxy, 3-acetamido-phenyloxy, 4-acetamido-phenyloxy. or 2-(morpholln- 
4-yl)-ethyloxy. In still other such embodiments, is -H. 

P)196] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R^ and are independently selected from -H, -F, -CI, 
-Br, -I, -NO2, -CN, substituted and unsubstituted straight or branched chain 
allcyl groups having from 1 to 8 carbon atoms, substituted and unsubstituted 
cycloalkyi groups, siibstituted and unsubstituted alltenyl groups having from 1 
to 8 carbon atoms, substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted heterocydyt 
groups, substituted and unsubstituted heterocydyiall^yl groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and unsubstituted 
aryioxy groups, substituted and unsubstituted aryialkoxy groups, substituted 
and unsubstituted heterocyclyloxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted -N(H)(alkyl) 
groups, substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted -N(alkylXaryl) 
groups, substituted and unsubstituted -N(aryl)2 groups, substituted and 
unsubstituted -N(HXaralkyl) groups, substituted and unsubstituted 
-N(alkyl)(aralkyl) groups, substituted and unsubstituted -N(aralkyl)2 groups, 
substituted and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
4sl(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyt) groups, substituted and unsubstituted 
-M(alkyt)(heterocyclylalkyl) groups, substituted and unsubstitited 
-N(heterocyclylalkyl)2 groups, substituted and unsubstituted -N(H)-C(=0}-alkyl 
groups, substituted and unsubstituted -N(H)-C(=0>-aryl groups, substituted 
and unsubstituted -N(H)-C(=0)-aralkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
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-N(H)-C(=0)-h^erocyd^allcyl groups, substituted and unsubstituted 
-N(allcyl)<;(-0)-alkyl groups, substituted and unsubstituted 
-N(all(yl>C(=0)-aryl groups, substituted and unsubstituted 
-N(allq^)-C(-0)-arall(yl groups, substituted and unsubstituted 
-N(all<yl)-C(=0)-heterocyclyI groups, substituted and unsubstituted 
-N{all<yl)-C(=0)-heterocyclylall<yl groups, -N(H)-C(=0)-NH2. substituted and 
unsubstituted -N(H>-C(=0)-N(H)(all<y!) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(all<yi)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(aryl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(ail<yl)(aryl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(aryl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(arall<yl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(all<yl)(arall<yl) groups, substituted and unsubstrtuted 
-N(H)-C(=0)-N(arall<yl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(iieterocyclyl) groups, substituted and unsubstituted 
-N(H)-C(=0>-N(all<yl)(lieterocyclyl) groups, substituted and unsubstituted 
-N(l-i)-C(=0)-N(tieterocyclyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(heterocydylallcyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(all<yl)(heterocyciylatl<yl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(heterQcyclylall(yl)2 groups, substituted and unsubstituted 
-C(=0)-allcyl groups, substituted and unsubstituted -C(=0)-aryl groups, 
substituted and unsubstituted -C(=0)-arall<yl groups, substituted and 
unsubstituted -C(=0}-heterocyciyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylall<yl groups. -C(=0)-NH2. substituted and unsubstituted 
-C(=0)-N(H)(ali(yl) groups, substituted and unsubstituted -C(=0}-N(all(yl)2 
groups, substituted and unsubstituted -C(^>-N(HKaryi) groups, substituted 
and unsubstituted -C(=0)-N(all(yl)(aryl) groups, substituted and unsubstituted 
-C(=0)-N(aryl)2 groups, substituted and unsubstituted -C(=0)-N(H)(arall(yi) 
groups, substituted and unsubstituted -C(=0)-N(all(yl)(arall(yi) groups, 
substituted and unsubstituted -C(=0)-N(arall<yl)2 groups, -COzH, substituted 
and unsubstituted -C(=0)-0-alicyl groups, substituted and unsubstituted 
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-C(^)-0-aryl groups, substituted and unsubstituted -C(O)-0-heterocyclyl 
groups, or substituted and unsubstituted -C(-0)-0-heterocyclylall(yt groups. 

[01 97] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity In a subject. is selected from -H. -F, -CI. -Br, -I, -NO2. -CN, 
substituted and unsubstituted straight or branched chain aikyt groups having 
from 1 to 8 cart)on atoms, substituted and unsubstituted cycioallcyl groups, 
substituted and unsubstituted aikenyl groups having from 1 to 8 cartmn 
atoms, substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted hetero<^clylall(yl groups. -OH. 
substituted and unsubstituted alkoxy groups, substituted and unsubstituted 
arytoxy groups, substituted and unsubstituted arylalkoxy groups. -NH2. 
substituted and unsubstituted -N(l-IXalkyl) groups, substituted and 
unsubstituted -N(alkyl)2 groups, substituted and unsubstituted -N(H)(aryl) 
groups, substituted and unsubstituted -N(alkyl)(aryl) groups, substituted and 
unsubstituted -N(aryl)2 groups, substituted and unsubstituted -N(H)(aralkyl) 
groups, substituted and unsubstituted -N(alkylXaralkyl) groups, substituted 
and unsubstituted -N(aralkyl}2 groups, substituted and unsubstituted 
-N(l-l)(heterocyciyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted -N(heterocycIyl)2 
groups, substituted and unsubstituted -N(H)(heterocyciylalkyl} groups, 
substituted and unsubstituted -N(alkyt)(heterocyclylalkyl} groups, substituted 
and unsubstituted -N(heterocyciylalkyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-aIkyl groups, substituted and unsubstituted -N(H)-C(=0)-aryl 
groups, substituted and unsubstituted -N(H)-C(=0)-aralkyl groups, substituted 
and unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(HK;(=0)-heterocyclylalkyl groups, -N(H)-C(=0)-NH2. 
substituted and unsubstituted -N(H}-C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -N(H)-C(^)-N(H)(aryl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(HXaralkyl) groups, substituted and unsubstituted 
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-N(H)-C(=0)-N(H)(heterocycIyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-C(=0)-aii<yl groups, substituted and unsubstituted -C(=0)-aryl groups, 
substituted and unsubstituted -C(=0)-aralkyl groups, substituted and 
unsubstituted -C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylallcyl groups. -C(=0)-NH2, substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted -C(=0)-N(allcyl)2 
groups, substituted and unsubstituted -C(=0)-N(H)(aryl) groups, substituted 
and unsubstituted -C(=0)-N(all<yl)(aryl) groups, substituted and unsubstituted 
-C(=0)-N(aryl)2 groups, substituted and unsubstituted -C(=O^N(H){arall<yl) 
groups, substituted and unsubstituted -C(=0)-N(all<yl)(aralkyl) groups, 
substituted and unsubstituted -C(=0)-N(aralkyl)2 groups. -CO2H. or 
substituted and unsubstituted -C(=0)-0-ail<yl groups. 

[01 98] In some embodiments of the mettrad of inhibiting CHK1 in a 
subject and/or tiie meUiod of treating a biological condition mediated by CHK1 
activity in a subject. is selected from 2-substituted phenyl groups, 3- 
substituted phenyl groups. 4-substituted phenyl groups, 2,4-disubstituted 
phenyl groups, 2,6-disubstituted phenyl groups, substituted or unsubstituted 
pyrrole groups, substituted and unsubstituted thiophene groups, substituted 
and unsubstituted tetiahydropyridine groups, or substituted and unsubstituted 
pyridine groups. 

[01 99] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or tiie mettiod of treating a biological condition mediated by CHK1 
activity in a subject, is a substituted and unsubstituted aryl group selected 
from phenyl, 2-chlorophenyl, 2-ettiylphenyl, 2-hydroxyphenyl, 2- 
metiioxyphenyl, 2-metfiylphenyl, 2-trifluoromettiylphenyl. 3-acetylphenyl. 3- 
acetamidophenyl, 3-aminophenyl. 3-methoxycarbonylphenyl. 3- 
carboxyphenyl, 3-hydroxyphenyl, 3-methoxyphenyl, 3-nttrophenyl, 3- 
trifluoromettiylphenyl, 4-acetylphenyl, 4-methoxycart)onylphenyl, 4- 
carboxamidophenyl, 4-cart)oxyphenyl, 4-chlorophenyl, 4-cyanophenyl, 4- 
dimetiiylaminophenyl, 4-ettiylphenyl, 4-fomiylphenyl, 4-hydroxyphenyl, 4- 
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methoxyphenyl, 4-methylthiophenyl, 4-nltrophenyl, 4-(methylsullbnyl)-phenyl, 
2,4-difluorophenyl, 2-fluoro-4-chlorophenyt. 2,4KJfchlorophenyl, 2-amino-4- 
methoxycarbonylphenyl, 2-amino-4-carboxyphenyl, or 2,6-difluorDphenyl. In 
some such embodiments, is selected from 2-hydroxyphenyl, 2- 
methoxyphenyl, 3-hydroxyphenyl, 3-methoxyphenyl, 3-aminophenyl, 4- 
cyanophenyl, 4-hydroxyphenyl, and 4-methoxyphenyl. 

[0200] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, is a substituted and unsubstituted heteroc^yl or 
heterocyclylalkyi group selected from 1-feif-butyloxycarbonyl-pynol-2-yl, 
thiophen-2-yl, thlophen-3-yl, 1 ,2,5,6-tetrahydropyridin-4-yl, 4-(ferf- 
butyloxycarbonyl)-1 ,2,5,6-tetrahydropyridin-4-yl, pyridin-2-yl, pyridin-3-yl, 
pyridin-4-yl, ben20[1 ,3]dioxol-5-yl, or ben2o[b]thlophen-2-yl. In some such 
embodiments, is selected from thiophen-2-yl or thlophen-3-yl. In other 
such embodiments, R^ is selected from pyridln-2-yl, pyridin-3-yl, or pyridin-4- 
yl. 

[0201] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity In a subject, R^ Is selected from-H, -CI, -F, -Br, -I, -NO2, -CN, -CH3, 
-OH, -OCH3, -CO2H, or ;CCfeCH3. In some such embodiments, R^ is -CI. 

[0202] In some embodimente of the method of inhibiting CHK1 In a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R^ is selected finom -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 groups, 
substituted and unsubstituted -N(H)(aryl) groups, substituted and 
unsubstituted -N(all^)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(HXaralkyl) groups, substituted and 
unsubstituted -N(alkyl)(atalM) groups, substituted and unsubstituted 
-N(aralkyl)2 groups, substituted and unsubstituted -N(H)(heterocydyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 



wo 2004/018419 



FCTAJS2003/02S990 



-126- 

unsubstituted -N(heterocyclyt)2 groups, substftuted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylall<yl) groups, substituted and unsubstituted 
-N(lieterocyclylall<yl)2 groups, substituted and unsubstituted -N(H)-C(=0)-all<yl 
groups, substituted and unsubstituted -N(H)-C(=0)-aryl groups, substituted 
and unsubstituted -N(H}-C(=0)-arall(yl groups, substituted and unsubstituted 
-N(H)-C(=0>-tieterocyclyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclylall<yl groups, -N(H>-C(=0)-NH2, substituted and 
unsubstituted -N(H)-C(=0)-N(H)(allcyi) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(aryt) groups, substituted and unsubstituted 
-N(H)-C(=0);-N(H)(arall<yl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(lieterocyclyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-N(H)(lietero(^clylallcyl) groups, substituted and unsubstituted 
-C(=0)-N(H)(all<yl) groups, substituted and unsubstituted -C(=0)-N(HXaryl) 
groups, or substituted and unsubstituted -C(=0)-N(H}(arall<yl) groups. 

[0203] In some embodiments of ttie mettiod of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. is selected from -NHa, substituted and unsulsstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 groups, 
substituted and unsubstituted -N(H)(aralkyl) groups, substituted and 
unsubstituted -N(H)(heterocyciyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(H)(heterocyctylalkyl) groups, or substituted and unsubstituted 
-N(alkylKheterocyclylalkyl) groups. In some such embodiments, is 
selected from -NH2. -N(H)(methyl), -N(methyl)2, -N(H)(2-methyl-propyl), 
-N(H)(2,2-dimethyl-propyl), -N(HX2-methyl-butyl), -N(H)(heptyl), 
-N(H)(cyclohexyimethyl), -N(methytXisobutyl), -N(methyiXcyclohexylmethyl). 
-N(H)(benzyl). -N(HXpiperldin-4-yl),-N(H)(pyrrolidin-2-ylmethyl), -N(HX2- 
dimethylaminomethyl-furan-5-ylmethyI),-N(HX3-methyl-thlophen-2-ylmethyl), 
-N(H)(3-phenyloxy-thiophen-2-ylmethyl),-N(HX2-ethyl-5-methyl-lmida2ol-4- 
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ylmelhyl), -N(H)(5-methyl-isoxazDl-3-yImethyl), -N(H)(thi'a2Dl-2-ylmethyl), 
-N(H)(pyrazIn-2-ylmethyl), or -N(methyl)(1-methyl-piperldln-4-yl). 

[0204] In some embodiments of the method of inhibiting CHK1 In a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. Is selected fiom substituted and unsubstltuted 
-N(H)-C(=0)-alkyl groups, wherein the alkyi moiety is a straight or branched 
chain all^ having from 1 to 8 carbon atoms, substituted and unsubstltuted 
-N(H)-C(=0)-cycloali(yl groups, substituted and unsubstltuted 
-N(H)-C(=0)-aryl groups, substituted and unsubstltuted -N(H)-C(=0)-aralkyl 
groups, substituted and unsubstltuted -N(H)-C(=0)-heterocyciyl groups, 
substituted and unsubstltuted -N(H)-C(=0)-heterocyciylali(yl groups, or 
substituted and unsubstltuted -C(=0)-N(HXara!l<yl) groups, in some such 
embodiments, is selected from substituted and unsubstltuted 
-N(H)-C(=0)-methyl groups, substituted and unsubstltuted 
-N(H)-C(=0)-cyclohexyl groups, substituted and unsubstltuted 
-N(H)-C(=0)-phenyl groups, substituted and unsubstltuted 
-N(H)-C(=0)-phenylalkyl groups, substituted and linsubstituted 
-N(H)-C(=0)-furan groups, substituted and unsubstltuted 
-N(H)-C(=0)-thiophenylalkyl groups. In other such embodiments, is 
selected from -N(H)-C(=0)-methyl, -N(H)-C(=0)-propyl, 
-N(H)-C(=0)-lsopropyl, -N(H)-C(=0)-benzyloxymethyl. 
N(H)-C(=0)-benzylamlnomethyl. -N(H)-C(=0)-cyclohexyl groups, 
-N(H)-C(=OH-ethyl-phenyl. -N(H)-C(=OH-cyano-phenyl, -N(H)-C(=0)-2- 
phenyl-ethyl groups. -N(H).C(=0)-furan-2-yl. -N(H)-C(=0)-thlophen-2-ylmethyl 
groups. or-N(H)-C(=0)-pyra2in-2-yl. 

[0205] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R^ is selected from -N(H)-C(=0>-NH2, substituted and 
unsubstltuted -N(H)-C(=0)-N(H)(alkyl) groups, substituted and unsubstltuted 
-N(H)-C(=0)-N(H)(aryl) groups, substituted and unsubstltuted 
-N(H)-C(=0)-N(H)(aralkyl) groups, substituted and unsubstltuted 
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-N(H)-C(=0>4sl(H)(heterocyclyl) groups, substituted and unsubstltuted 
-N(H)-C(=0)-N(H)(heterocyclylalkyl) groups. In some such embodiments, 
is selected from substituted and unsubstltuted -N(H)-C(=0)-N(H)(alkyl) 
groups, wherein the alkyi moiety is a straight or branched chain alkyi group 
having from 1 to 12 carbons, substituted and unsubstltuted 
-N(H)-C(=0)-N(H)(phenyl) groups, or substituted and unsubstltuted 
-N(H)-C(=0)-N(H)(phenylalkyl) groups. In other such embodiments, Is 
selected from -N(H)-C(=0)-N(H)(lsopropyl). -N(H)-C(=0)-N(H)(heptyl), 
-N(H>C(=0)-N(H)(phenyl). -N(H)-C(=0>-N(H)(2-ethoxyphenyl), 
-N(H)-C(=0)-N(H)(2-methyIthiophenyl),-W(H>-C(=0)-N(H)(3- 
trifluoromethylphenyl), -N(H)-C(=0)-N(H)(3,5-dlmethylphenyl), or 
-N(HH^(=0)-N(H)(benzyl). 

[0206J In some embodiments of the method of inhibiting CHK1 In a 
subject and/or the method of treating a blotoglcal condition mediated by CHK1 
activity in a subject, R^ is selected finom -H, -F. -CI, -Br, -I, -CN, -NO2, 
substituted and unsubstltuted straight or branched chain alkyI groups having 
finom 1 to 8 carbon atoms, substituted and unsubstltuted cycloalkyi groups, 
substituted and unsubstltuted aryl groups, substituted and unsubstltuted 
aralkyi groups, substituted and unsubstltuted heterocyclyl groups, substituted 
and unsubstituted heterocydylalkyl groups, -OH, substituted and 
unsubstltuted alkoxy groups, substituted and unsubstituted heterocydyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy groups, -NH2. 
substituted and unsubstituted -N(HXalkyl) groups, substituted and 
unsubstituted -N(alkyl)2 groups, substituted and unsubstituted 
-N{H)(heterocyclyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted -N(heterocyclyl)2 
groups, substituted and unsubstituted -N(HXheterocyclylalkyl) groups, 
substituted and unsubstituted -N(alkylXheterocyclylalkyl) groups, substituted 
and unsubstltuted -N(heterocyclylalkyl)2 groups, substituted and unsubstltuted 
-C(=0)-alkyl groups, substituted and unsubstituted -C(=0)-heterocyclyI 
groups, substituted and unsubstituted -C(=0)-heterocyclyIaIkyl groups. 
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-C{=0)-NH2. substituted and unsubstftuted -C(=0>-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0>-N(alkyl)2 groups, -CO2H, or substituted 
and unsubstituted -C(=0)-0-all(yl groups. 

[0207] In some embodiments of the mettiod of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, is selected from -H, -F, -CI, -Br, -I, -CN. -NO2, 
substituted and unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 caribon atoms, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, or substituted and 
unsubstituted heterocyclylalkoxy groups. In some such embodiments, is 
selected from -H. -F, -CI, -Br, -CN, -CH3. -OH, -OCH3, 2-dimethylamlno- 
ethoxy, pynrolidin-2-ylmetho)cy, or2-oxo-pyn'olidin-1-ylethoxy. 

[0208] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R^ is selected from substituted and unsubstituted aryl 
groups, substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocyclyl groups, or substituted and unsubstituted 
heterocyclylalkyi groups. 

[0209] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R^ is selected from 2-substituted phenyl groups, 3- 
substituted phenyl groups, 4-substituted phenyl groups, 2,4-disubstituted 
phenyl groups, substituted or unsubstituted pyrrole groups, substituted and 
unsubstituted ttibphene groups, substituted and unsubstituted piperidine 
groups, substituted and unsubstituted piperazine groups, substituted and 
unsubstituted morpholine groups, substituted and unsubstituted azepane 
groups, substituted and unsubstituted pynrole groups, substituted and 
unsubstituted imidazole groups, substituted and unsubstituted pyridine 
groups, or substituted and unsubstituted benzodioxole groups. 
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[0210] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. is a substituted and unsubstituted aryl group selected 
from 2-methoxy-phenyl. 2-methylphenyl. 2-trifIuoromethyl-phenyl, 3- 
acetyiphenyl, 3-acetamidophenyl, 3-methoxycarbonyl-phenyl. 3- 
carboxyphenyl, 4-acetylphenyl. 4-carboxamidophenyl, 4-carboxyphenyl, 4- 
cyanophenyl. 4-fomiyiphenyl, 4-methoxycarbonyl-phenyl, 4-methylsulfonyl- 
phenyl, 2,4-dlchlorophenyl, 2-amino-4-methoxycarbonylphenyl, or 2-amino-4- 
methoxycarbonyl-phenyl. 

[021 1] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. is a substituted and unsubstituted heterocyclyl group 
selected from pyn-olidin-1-yl. 3-dimettiylamino-pyn-olidin-1-yl. 3-acetamido- 
pyrroiidin-1-yl. 3-hydroxyf)ynrolidin-1-yl. 3-methylsulfonyl-pyrrolidin-1-yl. 3- 
trifluoroacetamido-pynolidin-1-yl. piperidin-1-yl, 2-hydroxyi5iperidin-1-yl, 3- 
carboxamlde-piperidln-1-yl, 3-carboxy-piperidin-1-yl. 3-methoxycarbonyl- 
piperidin-1-yl, 3-(pyridin-4-yl)-pyrrolidin-3-yl, 4-carboxamido-piperidin-1-yl. 4- 
cartioxy-piperidln-1-yl, 4-ettioxycarbonyI-piperldln-1-yl, 4-methyl-piperazin-1- 
yl, 4-(pyridin-2-ylmethyl)-piperazin-1-yl, morpholm-4-yl, azepan-1-yl, pyrrol-1- 
yl. 3-acetyl-pyrrol-1-yl, 3-carboxy-pyrrol-1-yl, imidazoI-1-yl, 2-methyl-imidazol- 
1-yl. 2-ethyl-lmidazol-1-yl. 2-isopropyl-lmidazol-1-yl. or benzo[1 .3]dioxol-5-yi. 

[021 2] In some embodiments of the method of inhibiting CIHKI in a 
subject and/or the mettiod of treating a biological condition mediated by CHK1 
activity in a subject, R^ is selected from -NH2. substituted and unsubstituted 
-N(IH)(alkyl) groups, substituted and unsubstituted -N(alkyi)2 groups, 
substituted and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, or substituted and unsubstituted 
-N(heterocyclylall<yl)2 groups. 
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10213] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity In a subject, is selected from -NH2, -N(HXmethyl). -N(H)(2- 
methylpropyl). -N(H)(2-acetamldoethyl). -N(H)(2-amlnoethyl). -N(H)(2- 
cyanoethyl), -N(H)(2-diethylamlno-ethyl). -N(H)(2-dlmethylamino^thyl), 
-N(H)(2-hydroxyethyl). -N(H)(2-methoxyethyl). -N(H)(2-thloethyl), -N(H)(3- 
dimethylaminopropyl). -N(H)(3-hydroxypropyl), -N(H)(3-methoxypropyl). 
-N(H)(2-methylsulfbnyl-ethyl), -N(HXcyclopropyl), -N(H)(4-hydroxy- 
cyclohexyl). -N(H)(1-hydroxy-cydohexylmethyl). -N(methyl)2, -N(ethyl)2, 
-N(methyl)(ethy!), -N{methyl)(2-dlmethylamino-ethyl), -N(H)(moipholin-4- 
ylethyl). -N(H){pynrolidin-1-ylethyl), -N(H)(1-methyl-pyn^olidin-2-yiethyl), 
-N(H)(pyn-olldln-1 -yipropyl), -N(H)(2-oxo-pyniolidln-1 -yipropyl). -N(H)(piperldin- 
3-ylmethyl), -N(H)(plperidin-1-ylethyl), -N(H)(pyridln-2-ylmethyl), -N(H)(pyridin- 
2-ylethyl), -N(H)(pyridin-3-ylethyl). or-N(H)(pyridln-4-ylethyl). 

1021 4] In some embodiments of the method of inhibifing CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R' is selected from substituted and unsubstituted 
-C(=0)-heterocyclyl groups, -C(=0)-NH2. substituted and unsubstituted 
-C(=0)-N(alkyl)2 groups, or -CO2H. In some such embodiments, R^ is 
selected from -C(=0)-morpholir>4-yl, .C(=0)-NH2. -C(=0)-N(methyl)2. or 
-CO2H. 

[021 5] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R* is selected from -H or -CH3. In some such 
embodiments, R^ Is -H. 

[021 6] In some embodiments of the method of inhibiting CHK1 In a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity In a subject, R* and R® are independently selected flfom -H or 
saturated heterocyciyi groups, or are absent In some such embodiments, A 
and D are both cartjon, R' is -H, and R® is -H. 
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[0217] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHKI 
activity In a subject, and are Independentiy selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyi groups having from 1 to 8 cart)on 
atoms, substituted and unsubstituted heterocydyl groups, substituted and 
unsubstituted heterocyclylalkyi groups. -S(=0)2-NH2. substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and unsubstituted 
-S(=0)2-N(alkyl)2 groups, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted aryloxy groups, substituted and unsubstituted 
arylalkoxy groups, substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyclylalkoxy groups, -NH2, substituted 
and unsubstituted -N(H)(alljyl) groups, substituted and unsubstituted -N(allQrl)2 
groups, substituted and unsubstituted -N(H)(heterocyclyl) groups, substituted 
and unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted -C(=:0)-alkyl 
groups, substituted and unsubstituted -C(=0)-heterocyclyi groups, substituted 
and unsubstituted -C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, substituted 
and unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and unsubstihrted 
-C(=0)-N(alkyl)2 groups, substituted and unsubstituted 
-C(=0)-N(HXheterocyclyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclylaikyl) groups, substituted and unsubsBhjted 
-C(=0)-N(alkyl)(heterocyclyialkyl) groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyt groups, substituted and unsubstituted 
-C(=0)-O-heterocyclyl groups, or substituted and unsubstituted 
-C(=0)-O-heterocyclylalkyl groups; or R® may be absent if B is nitrogen; or R^ 
may be absent If C Is nitrogen. In some such embodiments. R' and R^ are 
independentiy selected firom -H, -F, -CI, -Br, -I, or -CH3. 

[021 8] In some embodiments of Vne method of inhibiting CHKI in a 
subject and/or the mettiod of treating a btologicai condition mediated by CHKI 
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activfty in a subject. and are independently selected from substituted 
and unsubstituted heterocyclyl groups or substituted and unsubstituted 
heterocyclylalkyi groups; or R^ may be absent if B is nitrogen; or may be 
. absent if C is nitrogen. 

[0219] In some embodiments of the method of Inhibiting CHK1 In a 
subject andforthe method of treating a biological condition mediated by CHK1 
activity in a subject, R® and R^ are independently selected from substituted 
and unsubstituted pyrrolidinyl groups, substituted and unsubstituted 
piperidlnylalkyi groups, substituted and unsubstituted piperazinyl groups, 
substituted and unsubstituted morphollnyl groups, substituted and 
unsubstituted thfomorpholinyl groups, substituted and unsubstituted 
dizaepanyl groups, substituted and unsubstituted oxazepanyl groups, or 
pyridinylalkyi groups. 

[0220] In some embodiments of the method of Inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R« and R^ are Independently selected from 3-(acetyl- 
methyl-amlno)-pym)lidln-1-yl, 3-dlethylamlno-pyrrolldln-1-yl, 3-dimethylamino- 
pynolldln-1-yl, 3-(N-cxido-N,N-dimethylamlnoH>ynx)lldln-1-yl. 3-(pym)lidin-1- 
yl)-pynrolidln-1.yl, 2-(pym)lldin-1-ylmethyl)-pymillclin-1-yl. 4-(plperidin-1-yl)- 
piperidln-1-yl, 1-acetyl-piperazin-4-yl, 1-carboxymethyl-plperazln-4-yl, 1- 
methyl-piperazin-4-yl, 1-ethyl-plperazln-4-yl, 1-cyclohexyl-piperazin-4-yl, 1- 
isopropyl-piperazin-4-yI, morphoIin-4-yl. 2-dimethyIamlno-morpholir>4-yl, 2.6- 
dimethyl-morpholin-4-yl,2-dimethylamino-5-methyl-morpholin-4-yl. 
thiomorpholin-4-yl, thlomorphollrv-4-yl 1-oxlde 1-methy!-[1.4ldizaepan-1-yl, 2- 
dimethylamlnomethyl-[1 ,4]oxazepan-4-yl, or pyridin-4-ylmethyl. 

(0221 ] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R® and R'^ are independently selected from -OH, 
substituted and unsubstituted alkoxy groups, substituted and unsubstituted 
aryloxy groups, substituted and unsubstituted aiylalkoxy groups, substituted 
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and unsubstituted h^erocyclyfoxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted -N(H)(alkyl) 
groups, substituted and unsubstituted -N(all(yt)2 groups, substituted and 
unsubstituted -N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(all<yt)(heterocyclyl) groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, or substituted and unsubstituted 
-N(all<yl)(heterocyclylall<yl) groups; or may be absent if B is nitrogen; or 
may be absent if C is nitrogen. 

[0222] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R® and R'^ are independently selected fifom -OH, 
substituted and unsubstituted alkoxyalkoxy groups, substituted and 
unsubstituted pynolklinyloxy groups, substituted and unsubstituted 
tetrahydrofuranyloxy groups, substituted and unsubstituted pyrrolidinylaikoxy 
groups, substituted and unsubstituted morpholinylalkoxy groups, substituted 
and unsubstituted pyridinyloxy groups, -NH2. substituted and unsubstituted 
-N(H)(pyn:iolldlnyl) groups, substituted and unsubstituted -N(H)(piperldinyl) 
groups, substituted and unsubstituted -N(H)(piperidinylalkyl) groups, 
substituted and unsubstituted -N(H)(pyridinyIalkyl) groups, or substituted and 
unsubstituted -N(alkyl)(piperidinyl) groups. 

[0223] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, R® and R^ are independently selected from -OH, 
methyloxy, 2-methyloxy-ethyloxy, 4-acetamido-phenyloxy, 1-methyl-pynt)lidin- 
3-yloxy, pyridin-3-yloxy, 3-(pyrrolidin-1 -yl)-propyloxy, tetrahydrofui^n-2- 
ylmethyloxy, 2-(morpholin-4-yl)-ethyloxy, 3-(morpholin-4^yl>-propyloxy, -NH2, 
-N(H)(2-(methyIoxymethyl)-pyn-olidin-4-yl), -N(H)(pipeiidln-3-yl), -N(H)(1 .3- 
dimethyl-piperidin-4-yl), -N(H)(1-(ethoxycarbonyl)-piperidin-4-yl), -N(methyl)(1- 
methylpiperidin-1-yl). -N(H)(piperidin-1-ylethyl), or -N(H)(pyridin-2-ylmethyl). 
In some such embodiments, R^ and R^ are independently selected from -H or 
-N(methyl)(1 -methylpiperidin-1 -yl). 
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[0224] fn some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. R« and are independently selected from -S(=0)2-NH2, 
substituted and unsubstituted ■S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)2-N(all<yl)2 groups, substituted and unsubstituted 
-C(=0)-alkyl groups, substituted and unsubstituted -C(=0)-heterocycIyl 
groups, substituted and unsubstituted -C(=0>-heterocyclylall<yl groups, 
-C(=0)-NH2, substituted and unsubstituted -C(=0).N(H)(all<yl) groups, 
substituted and unsubstituted -C(=0)-N(all<yl)2 groups, substituted and 
unsubstituted -C(=0)-N(HXheterocyclyl) groups, substituted and unsubstituted 
-C{=0)-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(heterocyclylallcyl) groups, or -CO2H; or R» may be absent if B 
is nitrogen; or R^ may be absent if C is nitrogen. 

[0225] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject. R« and R'' are independently selected from substituted 
and unsubstituted -S(=0)2-N(alkyl)2 groups, substituted and unsubstituted 
-C(=0)-pym5lidinyI groups, substituted and unsubstituted -C(=0)-piperidinyl 
groups, substituted and unsubstituted -C(=0>pyrazinyl groups, substituted 
and unsubstituted -C(=0)-diazabicycloheptanyl groups, -C(=0)-NH2, 
substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and unsubstituted 
-C(=0)-N(H)(piperidlnyl) groups, substituted and unsubstituted 
-C(=0>-N(H)(pyridlnyl) groups, substituted and unsubstituted 
-C(=0>-N(H)(pyrrolldinyIalkyl) groups, substituted and unsubstituted 
-C(=0)-N(H)(piperidinylalkyl) groups, or substituted and unsubstituted 
-C(=0)-N(alkyl)(piperidinyl). 

[0226] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or ttie method of ti-eating a biological condition mediated by CHK1 
activity in a subject. R« and R^ are independenUy selected from 
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-S(=0)2-N(methyl)2, -C(=0)-3-amlno-pyiTolidln-1-yl. -C{-0}^ 
(dimethytcart>amoyl)-pyrrolidin-1-yl,-C(=0)-3-hydroxy-pyrrolidin-1-yl. 
-C(=0)-4-dimethylarnino-piperidin-1-yl,-C(=0)-3-hydroxy-piperidin-1-yl, 
-C(=0H-(P'Peridjn-1-yl)-piperidin-1-yl, -C(=0)-pyridin-3-yl, -C(=0)-piperazin- 
1-yl. -C(=0)-1-acetyl-piperaan-4-yl, -C{=0)-1-cyclohexyl-piperazin-4-yl, 
-C(=0)-1-(ethoxycartx)nylmethyl)-piperazin-4-yl, -C(=0)-1-hydroxyethyl- 
pipera2in-4-yl, -C(=0)-1-lsopriopyl-piperazin-4-yl, -C(=0)-1-methyl-piperazin-4- 
yl, -C(=0^2-methyl-plpe^azinr4-yl, -C(=0)-morpholin-4-yl. -C(=0)-2-methyl- 
2,5-diaza-bicyclo[2.2J]heptan-&-yl,-C(=0)-N(methyl)(2-dimethylamino-ethyl), 
-C(=0)-N(ethyl)(2-dimethylamino-ethyl). -C(=0)-N(H)(piperidin-4-yl), 
-C(=0)-N(H)(piperidin-3-yl), -C(=0)-N(H)(1 -ethoxycarbonyl-3-methoxy- 
piperidin^-yl), -C(=0)-N(H)(1 -aza-bicyclo[2.2. 1]heptan-3-yl). -C(=0>N(H)(2- 
(pyrTDlidin-1 -yl)-ethyl), -C(=0)-N(HX2-<piperidin-1 -yl)-ethyl), 
-C(=0)-N(methyl)(1-methyl-pynolldln-3-yl), or -C(=0)-N(methyl)(1-methyl- 
piperidin-4-yl). 

[0227] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity in a subject, B and C are both carton and is -H and R'' is-H. 

[0228] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or the metiiod of treating a biological condition mediated by CHK1 
activity in a subject, A, B, C. and D are all carbon, and R^, R^ R^ and R° are 
all-H. 

[0229] In some embodiments of the method of inhibiting CHK1 in a 
subject and/or tiie metiiod of treating a biological condition mediated by CHK1 
activity in a subject. A, B. C, and D are all carbon, and R^ R^ R^ R^ R*, and 
R^** are ail -H. 

[0230] In some embodiments of tiie method of inhibiting CHK1 in a 
subject and/or tiie metiiod of treating a biological condition mediated by CHK1 
activity in a subject, tiie IC50 value of the compound is less tiian or equal to 10 
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HM with respect to CHK1. In other such emlwdimentSi the IC50 value Is less 
than or equal to 1 nM. is less than or equal to 0.1 ^iM, is less than or equal to 
0.050 \iM. Is less than or equal to 0.030 ^iM, is less than or equal to 0.025 ^iM, 
is less than or equal to 0.010 jiM, or Is less than or equal to 0.001 nM. 

[0231] In some embodiments of the method of Inhibiting CHK1 in a 
subject and/or the method of treating a biological condition mediated by CHK1 
activity In a subject, the subject is a mammal or is a human. 

[0232] In some embodiments of the method of treating a biological 
condition mediated by CHK1 activity in a subject, the biological condrtion is 
cancer. 

Methods Relating to Ribosomal S6 Kinase 2 

[0233] In some embodiments of the method of inhibiting a 
serine/threonine kinase in a subject and/or the method of treating a biological 
condition mediated by serine/threonine kinase activity In a subject using a 
compound of Structure I. a tautomerof ttie compound, a pharmaceutlcally 
acceptable salt of the compound, a phamiaceutically acceptable salt of the 
tautomer, or mixtures thereof, the serine/ttireonine kinase Is Rsk2. in some 
such metiiods, the Rsk2 Is inhibited In the subject after administratfon. In 
mettiods of inhibiting Rsk2, Structure I has the following formula: 



4 
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where: 



A, B, C, and D are independently selected from carbon or 
nitrogen; 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstftuted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted heterocydyl 
groups, substituted and unsubstituted heterocydylalkyl groups, 
-OIH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted heterocyclyloxy groups, substituted and 
unsubstituted heterooyclylalkoxy groups, -NH2, substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted 
-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(H)(heterocycly!alkyl) groups, substituted and unsubstituted 
-N(l-l)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclylalkyl groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
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unsubstituted -C(=0}-N(alkyl)2 groups, substituted and 
unsubstrtuted -C(=0)-N(H)(heterocyctyl) groups. 
-C(=0)-N(H)(heterocyclylalkyl) groups, -CX>2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, substituted and 
unsubstltuted -C(=0)-0-heterocyclyl groups, or substituted and 
unsubstituted -C(=0)-O-lieterocyclylalkyl groups; 

and are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -N02> substituted and unsubstituted alkyi groups liaving 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstitlited iieterocydyl 
groups, substituted and unsubstituted lieterocyclylalkyi groups, 
-SH, substituted and unsubstituted -S-alkyI groups, substituted 
and unsubstituted -S-aryl groups, substituted and unsubstituted 
-S-aralkyI groups. -OIH, substituted and unsubstituted alkoxy 
groups, substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocydylalkoxy groups, -NI-I2. 
substituted and unsubstituted -N(l-I)(alkyl) groups, substituted 
and unsubstituted -N(alkyl)2 groups. sut>stituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(H)(aralkyl) groups, substituted and unsubstituted 
-N(H)(iieterocyclyl) groups, substituted and unsubstituted 
-N(H)(iieterocyclylalkyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H>C(=0)-aryl groups, substituted and unsubstituted 
-N(H)-C(=0)-aralkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-iieterocyclyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclylalkyl groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0)-aryl groups, substituted and unsubstituted -C(=0>«ralkyl 
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groups, substituted and unsubstituted -C(=0>-heterocyclyl 
groups, substituted and unsubstituted -C(=0)-hetenocyclylalkyl 
groups, -C(=0)-NH2, substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-C(=0)-N{alkyl)2 groups, substituted and unsubstituted 
-C(=0)-N(HXaryl) groups, substituted and unsubstituted 
-C(=0)-N(H)(arailcyl) groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclyl) groups, 

-C(=0)-N(H)(heterocyclylall<yl) groups, -COaHi substituted and 
unsubstituted -C(=0)-0-alkyl groups, substituted and 
unsubstituted -C(=0)'0-aryl groups, substituted and 
unsubstituted -C(=0)-0-aralkyl groups, substituted and 
unsubstituted -C(=0)-0-heterocyclyl groups, substrtuted and 
unsubstituted -C(=0)-0-heterocycly!aIkyl groups; or and 
may join togettierto fonn a cyclic group, 

R^, R^ and R® are independentiy selected from -H or 
substituted and unsubstituted straight and branclied chain alky! 
groups having from 1 to 8 cart)on atoms; or R® may be absent if 
A is nitRogen; or R® may be absent if D is nitrogen. 

R® is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyt groups having from 1 to 12 
cart)on atoms, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocydylalkyl groups, 
-OH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted heterocyclyloxy groups, substituted and 
unsubstitijted heterocyclylalkoxy groups, -CO2H, -C(=0)-NH2, 
substitiJted and unsubstituted -C(=0>-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0>-N(alkyl)2 groups, 
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substituted and unsubstituted -C(=0)-N(H)(heterocydyl) groups, 
•C(=0)-N(H)(heterocyclylalkyl) groups, substituted arxl 
unsubstituted -C(=0>-0-alkyl groups, substituted and 
unsubstituted -C(=0)-Oheterocyclyl groups, substituted and 
unsubstituted -C(=0)-O-heterocyclylalkyl groups, substituted 
and unsubstituted -C(=0)-alkyl groups, substituted and 
unsubstituted -C(=0)-heterocyclyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylalkyl groups, -NH2, substituted 
and unsubstituted -N(IH)(alkyi) groups, substituted and 
unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(H)(heterocyclytalkyl) groups, substituted and 
unsubstituted -N(H)-C(=0>-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyt groups, or substituted 
and unsubstituted -N(H)-C(=0)-heterocyclylalkyl groups; 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2. substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atonns, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocyclylalkyi groups, 
-OH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted heterocyclyloxy groups, substituted and 
unsubstituted hetenocyclylalkoxy groups,-SH, substituted and 
unsubstituted -S-alkyI groups, -CO2H, -C(=0)-NH2, substituted 
and unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)4SI(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups. 
-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0>O-alkyl groups, substituted and 
unsubstituted -C(=p)-0-heterocydyl groups, substituted and 
unsubstituted -C(=0>O-heterocyclylalkyl groups, substituted 
and unsubstituted -C(=0)-alkyl groups, substituted and 
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unsubstituted -C(=0)-heterocyclyl groups, substituted and 
unsubstituted -C(=0>-heterocyclylalkyl groups, -NH2, substituted 
and unsubstituted -N(H)(alkyl) groups, substituted and 
unsubstituted -N(alkyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocydylall<yl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(lieterocyclylalkyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-C(=0)"heterocyclyl groups, or substituted and 
unsubstituted -N(H)-C(=0)-heterocyclylall<yl groups; or may 
be absent if C is nitrogen; 

is selected from -H, substituted and unsubstituted alkyi 
groups having from 1 to 12 cart)on atoms, substituted and 
unsubstituted alkenyl groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted 
heterocydyl groups, substituted and unsubstituted 
heterocydyiaikyi groups, -OH, substitiited and unsubstituted 
alkoxy groups, substa'tuted and unsubstituted aryloxy groups, 
substituted and unsubstituted arylalkoxy groups, substituted and 
unsubstituted heterocyclyloxy groups, substituted and 
unsubstituted heterocyclylalkoxy groups, substitijted and 
unsubstituted -C(=0)-aIkyl groups, substituted and unsubstituted 
-C(=0>-aryl groups, substituted and unsubstituted -C(=0)-analkyl 
groups, substituted and unsubstituted -C(=0)-heterocydyl 
groups, substituted and unsubstituted -C(=0)-heterocyclylaIkyi 
groups; or R® and R^° join together to fomn a ring having 5, 6, or 
7 ring members; and 
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R^® is -H, or R® and R^^ jofn together to form a ring having 5, 6, 
or 7 ring members. 

[0234] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, 

R^ is selected from -H, -F, -CI, -Br, -I, substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted heterocyclyl groups, substituted 
and unsubstituted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, or substituted and unsubstituted 
heterocydylalkoxy groups; 



R^ and are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NQ2, substituted and unsubstituted alkyI groups having 
from 1 to 12 carix>n atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 cartoon atoms, substituted 
ahd unsubstituted aryl groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstituted heterocyclyl 
groups, sutetituted and unsubstituted heterocyclylalkyi groups, 
-OH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted heterocyclyloxy groups, substituted and 
unsubstituted heterocydylalkoxy groups, or-C02H; or R^ and R^ 
may join together to fonn a cydic group 

R® is selected from -H, -F, -CI, -Br, -I, substituted and 
unsubstituted alkyI groups having from 1 to 8 carbon atoms, 
substituted and unsubstituted heterocyclyl groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted heterocyclyloxy groups, or substituted and 
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unsubstituted heteroc^ylalkoxy groups; or may be absent if 
B is nitrogen; 

is selected from the group consisting -H, -F, -CI, -Br, -I, 
substituted and unsubstituted alkyi groups having from 1 to 8 
carbon atoms, substituted and unsubstituted heterocydyl 
groups, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, or 
substituted and unsubstituted heterocyclylalkoxy groups; or R"^ 
may be absent if C is nitrogen. 

[0235] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject. A, B, C, and D are all carbon. 

[0236] In some embodiments of the method of Inhibiting Rsk2 In a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity In a subject, of A or D is nitrogen, and B and C are both cartx>n. 

[0237] In some embodiments of the metiiod of inhibiting Rsk2 in a 
subject and/or tiie mettiod of treating a biological condition mediated by Rsk2 
activity In a subject, R^° Is -H and R® is selected from -H, substituted and 
unsubstituted alkyI groups having from 1-12 carbon atoms, substituted and 
unsubstituted aryl groups, substituted and unsubstituted aralkyt groups, 
substituted and unsubstituted heterocydyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, substituted and unsubstituted alkoxy 
groups, or substituted and unsubstituted heterocyclylalkoxy groups. 

[0238] In some embodiments of the method of Inhibiting Rsk2 in a 
subject and/or the method of treati'ng a biological condition mediated by Rsk2 
activity in a subject, R^ is selected from -IH, substituted and unsubstituted 
straight or branched chain alkyI groups having from 1-12 carbon atoms, 
substituted and unsubstituted cycbalkyi groups, substituted and unsubstituted 
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aryl groups, substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted saturated heterocydyl groups, substituted and unsubstituted 
hetenocyclylaikyi groups wherein the heterocydyl moiety is saturated, 
substituted and unsubstituted allcoxy groups, or substituted and unsubstituted 
heterocyclylallcoxy groups wherein the heterocydyl moiety is saturated. 

[0239] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, R^*^ is -H and R^ is selected fipom -H. unsubstituted 
straight or branched chain alky! groups having from 1-12 carbon atoms, 
unsubstituted cycloalkyi groups, alkoxyalkyi groups, aminoalkyi groups, 
alkylaminoalkyi groups, dialkylaminoalkyi groups, aminocydohexyl groups, 
substituted and unsubstituted saturated heterocydyl groups, substituted and 
unsubstituted heterocyclylalkoxy groups wherein the heterocydyl moiety is 
saturated. In some such embodiments, R^ is selected from pynrolidinyl, 
pynolkiinylalkyi, piperidinyl, piperidiriylalkyi, quinuclidinyl, or aminocydohexyl 
groups. 

[0240] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, R^ is selected from -H, -F, -CI, substituted and 
unsubstituted morpholinyi groups, substituted and unsubstituted 
morphdinylalkyi groups, or substituted and unsubstituted morphoiinyialkoxy 
groups. In some such embodiments, R'' is selected from -H or -F. In other 
such embodiments, R^ is -H. 

[0241] In some embodiments of tiie method of inhibiting Rsk2 In a 
subject and/or the method of treating a biologteal condition mediated by Rsk2 
activity in a subject. R^ is selected from -H, -F, -CI, -Br, -I, -NO2, -CH3, -OCH3, 
-CO2H, substituted and unsubstituted aryl groups, or substituted and 
unsubstituted pyridinyl groups. In some such embodiments, R^ is selected 
from -H, -Br, -I, -CH3, -CO2H, -NH2, or 4-hydro)cyphenyl. 
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[0242] In some embodiments of the method of inhibiting Rsl(2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, R' is selected from -H, -F, -a, -Br, -I, -CH3. -OCH3, 
substituted and unsubstituted imidazolyl, substituted and unsubstituted 
dialkyiaminoalkoxy, or substituted and unsubstituted heterocyclylalkoxy. In 
some such embodiments, R^ is selected from -H or-F. 

[0243] In some embodinnents of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a btological condition mediated by Rsk2 
activity in a subject, R* is -H. 

[0244] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, R^ is -H; or may be absent 

[0245] In some embodiments of the method of inhibiting Rsk2 In a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, R® is selected from-H, -F, -CI, -Me, substituted and 
unsubstituted morpholinyl groups, substituted and unsubstituted 
morpholinylalkoxy groups, substituted and unsubstituted piperldinyl groups, or 
substituted and unsubstituted piperazinyl groups; or may be absent 

[0246] In some embodimente of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, wherein R^ is selected from -H, -F, -Me, substituted and 
unsubstituted morpholinyl groups, substituted and unsubstituted pyrrolidinyl 
groups, substituted and unsubstituted piperidinyl groups, or substituted and 
unsubstituted piperazinyl groups; or may be absent 

[0247] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or tiie method of treating a biological condition mediated by Rsk2 
activity in a subject, R" is -H; or may be absent. 
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[0248] In some embodiments of the method of inhibfting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, the IC50 value of the compound Is less than or equal to 10 
jiM with respect to CHK1. In other such embodiments, the IC50 value is less 
than or equal to 1 jiM, is less than or equal to 0.1 jiM, is less than or equal to 
0.050 jxM, Is less than or equal to 0.030 jiM, Is less than or equal to 0.025 jiM, 
is less than or equal to 0.010 fiM, or is less than or equal to 0.001 ixM. 

[0249] In some embodiments of the method of inhibiting Rsk2 in a 
subject and/or the method of treating a biological condition mediated by Rsk2 
activity in a subject, the subject is a mammal or is a human. 

[0250] In some embodiments of the method of treating a biological 
condition mediated by Rsk2 activity in a subject, the biological condition is 
cancer. 

Methods Relating to PAR-1 

[0251] In some embodiments of the method of inhibiting a 
serine/threonine kinase in a subject and/or the method of treating a biological 
condition mediated by serine/threonine kinase activity in a subject using a 
compound of Stmcture I, a tautomer of the compound, a pharmaceutically 
acceptable salt of the compound, a phamiaceutically acceptable salt of the 
tautomer, or mixtures thereof, the serine/threonine kinase is PAR-1 . In some 
such methods, the PAR-1 is inhibited in the subject after administration. In 
methods of Inhibiting PAR-1, Structure I has the following fonmula: 
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I 

where, 

A, B, C, and D are Independently selected from carbon or 
nitrogen; 

IS selected from -H, -F, -CI, -Br, -I. -CN. -NO2, substituted and 
unsubstltuted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstltuted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstltuted heterocyclyl 
groups, or substituted and unsubstltuted heterocydylalkyl 
groups; 

Is selected from -H, -F, -CI. -Br, -I, -NO2, -CN, substituted and 
unsubstftuted alkyI groups having frorn 1 to 12 cartx^n atoms, 
substituted and unsubstltuted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstltuted aryl groups, 
substituted and unsubstltuted aralkyi groups, -OH, substituted 
and unsubstituted alkoxy, substituted and unsubstltuted 
heterocyclyloxy, substituted and unsubstituted 
heterocyclylalkoxy, substituted and unsubstituted -C(=0)-alkyl 
groups, substituted and unsubstituted -C(=0>-aryl, substituted 
and unsubstltuted -C(=0)-aralkyl, -CO2H, substituted and 
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unsubstituted -C(=0)-0-alkyt groups, substituted and 
unsubstituted -C(=0>Oaryl groups, or substituted and 
unsubstituted -C(=0)-0-arallcyl groups; 

is selected from -H, -F, -CI, -Br, -I, -NO2, -CN, substituted and 
unsubstituted alky! groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocyclyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -SH, substituted and unsubstituted -S- 
alkyl groups, substituted and unsubstituted -S(=0)2-Oalkyl 
groups, substituted and unsubstituted -S(=0)2-alkyl groups, 
substituted and unsubstituted -S(=0)2-heterocyclyl groups, 
-S(=0)2-NH2, substituted and unsubstituted -S(=0)2-N(H)(alkyl) 
groups, substituted and unsubstituted -S(=0)2-N(alkyl)2 groups, 
substituted and unsubstituted -S(=0)-alkyl groups, substituted 
and unsubstituted -S(=0)-aryl groups, substituted and 
unsubstituted -S(=0)-heterocyclyi groups. -OH. substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
aryloxy groups, substituted and unsubstituted heterocydyloxy 
groups, substituted and unsubstituted heterocyclylall«»7 
groups. -NH2, substituted and unsubstituted -N(l-i)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(HXaryl) groups, substituted and unsubstituted 
-N(alkyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(ara!kyl) groups, 
substituted and unsubstituted -N(alkyl)(aralkyl) groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
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unsubstituted -N(HKheterocyc(ylalkyl) groups, substituted and 
unsubstituted -N(allcyl)(heterocyciytalkyl) groups, substituted and 
unsubstituted -N(heterocyciylalkyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(alky1)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-aryl groups, substituted and 
unsubstituted -l^(all<yl)-C(=0)-aryi groups, substituted and 
unsubstituted -N(H)-C(=0)-arallcyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-arall<yl groups, substituted and 
unsubstituted -N(H)-C(=OHieterocyclyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-lieterocyclyl groups, substituted 
and unsubstituted -N(H)-C(=0)-heterocyclylall<yl groups, 
substituted and unsubstituted -N(allcyl)-C(=0)-iieterocyclylall<yl 
groups, substituted and unsubstituted -N(H)-S(=0)2-alkyl 
groups, substituted and unsubstituted -N(H)-S(=0)2-aryl, 
substituted and unsubstituted -N(H)-S(=0)rheterocyclyl groups, 
substituted and unsubstrtuted -C(=0)-allcyl groups, substituted 
and unsubstituted -C(=0)-aryi. substituted and unsubstituted 
rC(=0)-arall(yt, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0>-heterocyclylall(yl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(all<yl) groups, substituted and 
unsubstituted -C(=0)-N(a!l<yl)2 groups, substituted and 
unsubstituted -C(=0)-N(HXaryl) groups, substituted and 
unsubstituted -C(=0)-N(allcylXaryi) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(arancyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(arall<yl) groups, substituted and 
unsubstituted -C(=0)-N(arall<yl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(all<ylXiieterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(iieterocyclyl)2 groups, substituted 
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and unsubstituted -C(=0)-N(H)(heterocyciylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyclyldlkyi) 
groups, substituted and unsubstituted - 
C(=0)-N(heterocyclylalkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=OH>alkyl groups, substituted and 
unsubstituted -C(=0)-0aryl groups, substituted and 
unsubstituted -C(=0)-0-arall<yl groups, substituted and 
unsubstituted -C(=0)-0-heterocyclyl groups, or substituted and 
unsubstituted -C(=0)-0-heterocyclylallcyl groups; 

R^ and are independentiy selected from -H or substituted 
and unsubstituted alkyi groups having from 1 to 12 carbon 
atoms; or R^ may be absent if A is nitrogen; or R® may be 
absent if D is nitrogen; 

R® and R^ are independentiy selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyI groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocydylalkyl groups, -SH, substituted and 
unsubstituted -S-alkyI groups, substituted and unsubstituted 
-S-heterocyclyl groups, -OH, substi'tuted and unsubstituted 
alkoxy groups, substituted and unsubstituted heterocyclyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyi)2 groups, substituted and 
unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(het6rocyclyt)2 groups, substituted and 
unsubstitoted -N(H)(heterocyclyla!kyl) groups, substituted and 
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unsubstituted -N(allcyQ(heterocyclylalkyl) groups, or substituted 
and unsubstituted -N(heterocyclylalkyl)2 groups; or R® is absent 
if B is nitrogen; or is absent if C is nitrogen; 

R® is selected from -H, substituted and unsubstituted alky! 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups having from 1 to 12 carbons, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyciyi groups, substituted and unsubstihjted 
heterocyclylalkyi groups, -OH, substituted and unsubstituted 
alkoxy groups, or substituted and unsubstituted 
heterocyclylaikoxy groups; and , 

R'°ls-H. 

[02521 In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of ti-eating a biological condition mediated by PAR- 
1 activity In a subject. 



R^ is selected from -H, -F, -CI, -Br, -I, -NO2, -CN, substituted.and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocydyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -OH, substituted and unsubstituted 
alkoxy groups, substituted and unsubstituted aryloxy groups, 
substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyclylaikoxy groups, -NH2, 
substituted and unsubstituted -N(H)(alkyl) groups, substituted 
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and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(allcyl)(aryl) groups, substituted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(aralkyl) groups, 
substituted and unsubstituted -N(dli<yl)(aralicyl) groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstituted -N(H)(lieterocyclyl) groups, substituted and 
unsubstituted -N(allcyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(all<yl)(lieterDcyclylalkyl) groups, substituted and 
unsubstituted -N(heterocyciylall<yl)2 groups, substituted and 
unsubstituted -C(=0)-all<yl groups, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, substituted and 
unsubstituted *C(=0)-N(iH)(allcyl) groups, substituted and 
unsubstituted -C(=0)-N(all(yl}2 groups, substituted and 
unsubstituted -C(=0)-N(l-i)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -C(=0)-N(l-l)(arall<yl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)(aralkyl) groups, substituted and 
unsubstituted -C(=0>-N(arall^l)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(alicyl)(heterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heterocyclylallcyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyclylall<yi) 
groups, substituted and unsubstituted 
-C(=0)-N(heterocyclylall<yl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-all^l groups, substituted and 
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unsubstituted -C(=0)-0-heterocydyl groups, or substituted and 
unsubstituted -C(=0)-0-heterocyclylalkyl groups; 

and are Independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alky! groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted heterocydyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, or substituted and unsubstituted 
heterocyclylalkoxy groups; or R® fs absent if B is nitrogen; or R^ 
Is absent If C Is nitrogen. 

[0253] In some embodiments of the method of Inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity In a subject, A, B, C, and D aro all carbon. 

[0254] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, one of A or D is nitrogen, and B and C are both carbon. 

[0255] In some embodiments of tiie method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ is selected from -H, substituted and unsubstituted 
straight and branched chain alkyi groups having from 1 to 8 carbon atoms, 
substituted and unsubsta'tuted cydoaikyl groups, substituted and unsubstituted 
heterocydyl groups, or substituted and unsubstituted heterocydylalkyi groups. 

[0256] In some embodiments of the metfiod of Inhibiting PAR-1 In a 
subject and/or the method of treating a biological condition mediated by PAR- 
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1 activity in a subject, is selected from -H, unsubstrtuted straight and 
branched chain allcyl groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted cydoallcyj groups, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocydylallcyl groups, substituted 
and unsubstituted dialkylaminoallcyl groups, substituted and unsubstituted 
allcylaminoallcyl groups, substituted and unsubstituted aminoali^yi groups, or 
substituted and unsubstituted alkylsulfonylalicyl groups. 

[0257] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R® is selected from -H, unsubstituted straight or 
branched chain alky! groups of 1-8 carbons, substituted and unsubstituted 
alkyl^i^inoallcyj groups, substituted and unsubstituted diallcylaminoalkyj 
groups, substituted and unsubstituted alkylsuKbnylalkyI groups, substituted 
and unsubstituted cycloalkyi groups, substituted and unsubstituted saturated 
heterocyclyl groups, or substituted and unsubstituted heterocyclylalkyi groups 
wherein the heterocyclyl moiety is saturated. 

[0258] In some embodiments of the metiiod of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ is selected from substituted and unsubstituted 
metiiylaminoethyl groups, substituted and unsubsta'tuted dimethylaminoethyl 
groups, substituted and unsubstituted methylsuifonylethyl groups, substituted 
and unsubstituted quinuclidinyl groups, substituted and unsubstituted 
piperaztnylalkyi groups, substituted and unsubstituted piperidinyl groups, 
substituted and unsubstituted piperidinylaikyl groups, substituted and 
unsubstituted pyn^olidinyl groups, substituted and unsubstituted 
pynrolidinylalkyi groups, substituted and unsubstituted imidazolylalkyi groups, 
or substituted and unsubstituted cyclohexyl groups. 
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[0259] In some embodiments of the method of Inhibiting PAR-1 In a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, is selected from -H, methylaminoethyl, 
dimethylaminoethyl, methylsulfonyiethyl, 1-aminocyclohexyl, quinudidlnyl, 4- 
methyIplperazin-1-ylpropyl, l-benzylpiperidinyl, piperidin-3-yl, piperidin-4-yl, 
piperidin-3-yIethyl, piperidln-4-ylethyl, lmidazol-5-ylethyl, pyn-olidin-1-ylethyl, 
1-methylpynrolidin-2-ylethyl, or pynx)lldin-3-yl. In some such embodiments. R® 
is a quinuclidinyl group. In other such embodiments, R® is a quinuclidin-3-yl 
group. In still other such embodiments, R^ is -H. 

[0260] In some embodiments of the method of Inhibiting PAR-1 In a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R® is selected from monocyclic, bicyclic, or polycycllc 
saturated heterocydyl groups. 

[0261] In some embodiments of the method of inhibiting PAR-1 In a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity In a subject. R^ is selected from -H, -F, -CI, -Br, -I, substituted and 
unsubstituted straight and branched chain alkyi groups having from 1 to 8 
carbon atoms, substituted and unsubstituted cycbalkyi groups, or substituted 
and unsubstituted heterocydyl groups. In some such embodiments, R^ is 
selected fronv-H, -F, -CI, or substituted and unsubstituted piperazinyl. In 
other such embodiments, is selected from -H, -F, -CI, or 4-etiiyIpiperazln- 
1-yl. In still ottier such embodiments, R^ is -H. 

[0262] In some embodiments of the mettiod of inhibiting PAR-1 in a 
subject and/or ttie mettiod of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ is selected from -H, -F, -CI, -Br, -I, -NO2, -CN. 
substituted and unsubstituted straight and branched chain alkyI groups having 
from 1 to 12 caribon atoms, substituted and unsubstituted cydoalkyi groups. 



wo 2004/018419 



PCTAJS2003/025990 



-157- 

substituted and unsubstituted aryt groups, or substituted and unsubstituted 
aralkyi groups. 

[0263] In some embodiments of the metliod of Inhibiting PAR-1 In a 
subject and/or tiie method of treating a biological condition mediated by PAR- 
1 activ'rty In a subject, is selected from -H, -CI, -F, -Br, -I, -CN, substituted 
and unsubstituted straight or branched chain alkyi having from 1 to 8 carbons, 
or substituted and unsubstituted phenyl groups. 

[0264] In some embodiments of the mettiod of Inhibiting PAR-1 in a 
subject and/or the method of treating a biological condltton mediated by PAR- 
1 activity In a subject, R^ is a substituted and unsubstituted aryl group 
selected from 2-amino-4-cart)0}^methylphenyl, 2-methylphenyl, 2- 
ettiylphenyl. 2-methoxyphenyl, 2,4-dichlorophenyl, 2-fluon>4-chlorophenyl, 
2,6-difluorophenyl, 3-metix)xyphenyl, 3-carboxyphenyl, 3-acetylphenyl, 3- 
acetamidophenyl, 3-methylcarboxyphenyl, 4-acetylphenyl. 4- 
dimethylaminophenyl. 4-cyanophenyl, 4-carboxamldophenyl, 4- 
carboxyphenyl, 4-metfiylcarboxyphenyl. 4-methylsulfonylphenyl, or phenyl. 

[0265] In some embodiments of the method of inhibiting PAR-1 In a 
subject and/Or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ is selected from -F, -CI, -Br, -I, -CN, methyl, 
methoxy, or -CO2H. In some such embodiments, R^ is -CI. 

[0266] In some embodiments of the metiiod of Inhibiting PAR-1 in a 
subject and/or tine metiiod of treating a biological condition m^iated by PAR- 
1 activity in a subject, R^ is selected from -H, -F, -CI, -Br, -I, -CN, substituted 
and unsubstituted straight or branched chain alkyI groups having from 1 to 8 
carbon atoms, substituted and unsubstituted cycloalkyi groups, substituted 
and unsubstituted aryl groups, substituted and unsubstituted aralkyi groups, 
substituted and unsubstituted heterocydyl groups, substituted and 
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unsubstituted heteioc^lylalkyt groups, -OH, substituted and unsubstituted 
altoxy groups, substituted and unsubstituted heteroc^dyloxy groups, 
substituted and unsubstituted heterocydylallcoxy groups, substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, or substituted and unsubstituted -N(l-l)(heterocyclylalkyi) groups. 

[0267] In some embodiments of the metliod of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, is selected fiom -H, -F, -CI, -Br, -I, -CN, substituted 
and unsubstituted straight or branched chain alkyi groups having from 1 to 8 
cart)on atoms, -OH, unsubstituted straight or branched chain alkoxy groups, 
dialkylaminoalkoxy groups, or substituted and unsubstituted pynolidlnylalkoxy 
groups. In some such embodiments, 1^ is selected from -H. -01, methoxy. 2- 
(dimethylamlno)ethyl-1-oxy, and pynolkJin-2-ylmethyloxy. 

[0268] In some embodiments of the method of inhibiting PAR-1 In a 
object and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ Is selected from substituted and unsubstituted 
phenyl groups or substituted and unsubstituted unsaturated heterocyclyl 
groups. In some such embodiments, R^ is selected from 2-amino-4- 
cart)oxyphenyl, 3-acetamldophenyl, 3-carboxyphenyl, 4-cart>oxyphenyl, 4- 
methylsulfonylphenyl, 2-ethyl-lmidazol-1-yl, 2-methyl-imldazol-1-yl, imldazol-1- 
yl, and 3-acetylpynnol-1-yl. 

[0269] In some embodiments of the metfiod of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject. R^ is a saturated heterocyclyl group. In some such 
embodiments, R^ a saturated heterocyclyl groiip selected from substituted 
and unsubstituted thbmorpholinyl groups, substituted and unsubstituted 
piperazinyl groups, substituted and unsubstituted piperidlnyl groups, or 
substituted and unsubstituted pyrrolidinyl groups. In other such embodiments. 
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is selected from 3-phenylthiomorpholin-4-yl groups, morphonn-4-yl, 4- 
methylpipera2drv1-yl groups, 4-methylcart)oxypiper1din-1-yl, piperidbvl-yl, 3- 
dimethylaminopyrrolidin-1 -yl, or S-acetamidopyrrolidin-l -yl. 

[0270] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ is selected from substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 groups, or 
substituted and unsubstituted -N(H)(heterocyclylalkyl) groups, wherein the 
heteroc^dyl moiety is saturated. 

[0271] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R^ Is selected from substituted and unsubstituted 
-N(H)(hydroxyallcyl), substituted and unsubstituted -N(H)(amlnoalkyl). 
substituted and unsubstituted -N(l-IXdlalkyiaminoallcyl), substituted and 
unsubstituted -N(iH)(alkylcarboxamidoali<yl), substituted and unsubstituted 
-Kl(H)(alkoxyalkyl), substituted and unsubstituted -N(H)(arylsulfonylalkyi), 
substituted and unsubstituted -N(l-l)(alkylsulfonylalkyi), substituted and 
unsubstituted -N(l-l)(cycloalkyl), substituted and unsubstituted - 
N(IHXmorpholinylalkyl), substituted and unsubstituted -N(H)(piperidinylalkyl), 
or substituted and unsubstituted -N(HXpynT)lidinonylalkyl). 

[0272] In some embodiments of the method of Inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R' is selected finom -N(H)(2-hydroxyethyl), -N(H)(2- 
aminoethyl), -N(H)(dimethylaminoethyl), -N(H){2-diethylaminoethyl), -N(HX3- 
dimethylaminopropyl), -N(H)(2-acetemidoethyl), -N(H)(2-methoxyethyl), 
-N(H)(2-(methylsulfonyl)ethyl), -N(HX2-(phenylsulfonyl)ethyl), 
-N(H)(cyclopropyl), -N(methylXethyl), -N(methyl)2, -N(H)(2-morpholin-4-yl-2- 
phenylethyl), -N(H)(2-piperidin-1-ylethyl), or-N(HX3-pyrrorKJinon-1-^propyl). 
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[0273] In some embodiments of the method of Inhibiting PAR-1 In a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, is -H. 

[0274] In some embodiments of the method of inhibiting PAR-1 In a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity In a subject, A and D are botti carbon, R^ Is -H, and R^ is -H. 

[0275] In some embodiments of the method of Inhibiting PAR-1 in a 
subject and/or the metiiod of treating a biological condition mediated by PAR- 
1 activity In a subject, R® and R^ are Independentiy selected from -H, -F, -CI, 
-Br, -I, -CN, -NO2, substituted and unsubstltuted straight or branched chain 
alkyi groups having from 1 to 8 cart)on atoms, substituted and unsubstltuted 
cycloalkyi groups, substituted and unsubstltuted heterocyclyl groups, 
substituted and unsubstltuted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstltuted heterocyclyloxy 
groups, or substituted and unsubstituted heterocyclylalkoxy groups; or R^ Is 
absent if B is nitrogen; or R^ is absent if C is nitrogen. 

[0276] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, R® and R^ are independentiy selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted straight or branched chain alkyI groups 
having from 1 to 8 carbon atoms, substituted and unsubstituted heterocyclyl 
groups, -OH, or substituted and unsubstituted heterocyclylalkoxy groups; or 
R^ is absent If B Is nitrogen; or R^ is absent If C Is nitrogen. 

[0277] In some embodiments of the metiiod of Inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity In a subject, R® and R^ are Independentiy selected from -H, -F, -CI, 
-Br, -I, unsubstituted straight or branched chain alkyI groups having from 1 to 
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8 carbon atoms, substituted and unsubstituted morpholinyl groups, substituted 
and unsubstituted piperazinyl groups, substituted and unsubstituted 
pynx)lidinyl groups, -OH, or pyrrolidinylalkoxy; or Is absent if B Is nitrogen; 
or is absent If C Is nitrogen. In some such embodiments, R® and R'^ are 
Independently selected from -H, -F, methyl, morpholln-4-yl, 4-lsopropyl- 
piperazin-1-yl, 4-melhylpiperazln-1-yl, -OH; and 3-(pynrolldln-1-yl)propyl-1- 
oxy; or R® is absent If B Is nitrogen; or R^ Is absent if C Is nitrogen. In other 
such embodiments, B and 0 are both carbon and R® and R^ are both -H. 

[0278] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject. A, B, 0, and D are alt carbon, and R^ R®, R^ and R® 
are all -H. 

[0279] In some embodiments of the method of inhibiting PAR-1 in a 
subject and/or the method of treating a biological condition mediated by PAR- 
1 activity in a subject, the IC50 value of the compound Is less than or equal to 
10 nM with respect to PAR-1. In other such embodiments, the ICso value Is 
less than or equal to 1 ^M, Is less than or equal to 0.1 ^ly^. Is less than or 
equal to 0.050 pM, is less than or equal to 0.030 pM, Is less than or equal to 
0.025 fiM, or is less than or equal to 0.010 \iM. 

[0280] In some embodiments of the method of inhibiting PAR-1 In a 
subject and/or the method of treating a biological conditfon mediated by PAR- 
1 activity in a subject, the subject is a mammal or Is a human. 

[0281] In some embodlmente of the method of treating a biological 
condition mediated by PAR-1 activity in a subject, the biological condition is 
controlled by the Wnt pathway and/or is controlled by the planar cell polarity 
pathway. In some cases, the biological condition is cancer which In some 
embodiments is caused by abenrant regulation of the Wnt pathway in a 
mammal such as a human. Thus, in some embodiments, the Invention 
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provides a method of regulating tlie Wnt pathway in a subject In otlier 
embodiments, the invention provides a method of modulating the Wnt p- 
catenin signaling. 

IVIethods Relating to Tyrosine Kinases 

[0282] In another aspect, the present invention provides a method of 
inhibiting a tyrosine kinase in a subject and/or a method of treating a 
biological condition mediated by a tyrosine kinase in a subject The tyrosine 
kinase is Cdc2 kinase, Fyn. Lck, c-Kit, c-ABL, p60src, VEGFR3. PDGFRa, 
PDGFRP, FGFR3, FLT-3, orTie-2. In some embodiments, the tyrosine 
kinase is Cdc2 kinase, Fyn. Lck, orTie-2 and in some other embodiments, the 
tyrosine kinase is c-Kit, o-ABL, p60src, FGFR3, VEGFR3, PDGFRa. 
PDGFRP, or FLT-3. The methods include administering to the subject a 
compound of Structure I, a tautomer of the compound, a pharmaceutically 
acceptable salt of the compound, a phamiaceufically acceptable salt of the 
tautomer, or mixtures thereof. In the method of inhibiting a tyrosine kinase, 
the tyrosine kinase is inhibited in the subject after administration. Structure I 
has the following formula: 




I 

where, 

A, B, 0, and D are independently selected from cari!}on or 
nitrogen; 
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Is selected from-H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstituted all^ groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocyclyl groups, substituted and unsubstituted 
heterocydylalkyl groups, -SH, substituted and unsubstituted 
-S-alkyI groups, substituted and unsubstituted -S-heterocyclyl 
groups, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyciylalkoxy groups. -NH2, 
substituted and unsubstituted -N(H)(alkyl) groups, substituted 
and unsubstituted -N(alkyl)2 groups, substituted and <- 
unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(ali^}(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocyclyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclytalkyl) groups, substituted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclylalkyl groups, substituted 
and unsubstituted -N(alkyl)-S(=0)2-alkyl groups, substituted and 
unsubstituted -N(alkyl)-S(=0)2-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-S(=0)2-heterocyclylalkyl groups, 
substituted and unsubstituted -C(=0)-alkyl groups, substituted 
and unsubstituted -C(=0)-heterocydyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylalkyl groups, -C(=0)-NH2. 
substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocydyl) groups, 
substituted and unsubstituted -C(sO)-N(alkyt)(hetero(^yl) 



wo 2004/018419 



PCTAJS2003/02S990 



-164- 

groups, substituted and unsubstituted -C(=0)-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-C(=0>-N(H)(lieterocycly!all<yl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocydylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-0-heterocyclylall«yl groups; 

and are independentiy selected from -H, -F, -a, -Br, -I, 
-NQ2. -CN, substituted and unsubstituted allcyl groups liaving 
from 1 to 12 carbon atoms, substituted and unsubstituted 
all(enyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstituted lieterocyclyl 
groups, substituted and unsubstituted heterocyclylallqi groups, 
SH, substituted and unsubstituted -S-all(yt groups, substituted 
and unsubstituted -S(=0)2-0-all<yl groups, substituted and 
unsubstituted -S(=0)2-all^ groups, substituted and 
unsubstituted -S(=0)rheterocyclyi groups. -S(=0)2-NH2. 
substituted and unsubstituted -S(=0)2-N(H)(ail<yl) groups, 
substituted and unsubstituted -S(=0)2-N(all<yl)2 groups, 
substituted and unsubstituted -S(=0)-all<yl groups, substituted 
and unsubstituted -S(=0)-heterocyclyl groups, -OH, substituted 
and unsubstituted all<oxy groups, substituted and unsubstituted 
aryloxy groups, substituted and unsubstituted heterocyclyloxy 
groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, 
substituted and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(all(yl)(aryl) groups, substituted and unsubstituted -N(aryl)2 



wo 2004/018419 



PCTAJS2003/025990 



•165- 

groups, substrtuted and unsubstituted -N(H)(araikyl) groups, 
substituted and unsubstituted -N(alkyl)(araikyl) groups, 
substituted and unsubstituted -N(aralkyl)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(heterocydyl)2 groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocydyldlkyl) groups, substituted and 
unsubstituted -N(heterocyclylallcyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-(^(=0)-dlkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-aryi groups, substituted and 
unsubstituted -N(alkyl>>C(=0>^ryl groups, substituted and 
unsubstituted -N(H>C(=0)-aralkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0^analkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocydyI groups, substituted and 
unsubstituted -N(alkyl>-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(H)-C(=0)-heterocyc[ylalkyl groups, 
substituted and unsubstituted -N(alkyl)-C(=0)-heterocyclylalkyl 
groups, substituted and unsubstituted -N(H>-S(=0)2^alkyl 
groups, substituted and unsubstituted -N(IH)-S(=0)2-aryl, 
substituted and unsubstituted 4si(H)-S(=0)2-heterpcyclyl groups, 
substituted and unsubstituted -C(=0)-alkyl groups, substituted 
and unsubstituted -C(=0>-aryt, substituted and unsubstituted 
-C(=0)-aralkyl, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C{=0)-heterocyclyIalkyl groups, -C(=0)-NH2. substituted and 
unsubstituted -C(=0>-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aryl) groups, substituted and 
unsubstituted '*C(=0)-N(aryl)2 groups, substituted and 
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unsubstituted -C(=0)-N(H)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkylXaralkyl) groups, substituted and 
unsubstituted -C(=0>-N(aralkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H){heterocyclyi) groups, substituted and 
unsubstituted -C(=0)-N(aIkyl)(fieterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(iieterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(all<yl)(heterocycJylallcyl) 
groups, substituted and unsubstituted - 
C(=0)-N(heterocyclylalkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, C(=0)-0-aryl groups - 
C(=0)-0-arallQrl groups, substituted and unsubstituted 
-C(=0)-0-heterocyclyl groups, or substituted and unsubstituted 
-C(=0)-0-heterocyciylali<yl groups; 

R* Is selected from -H or substituted and unsubstituted alkyi 
groups having from 1 to 12 carbon atoms; 

R* and are Independently selected from -H, -F, -CI. -Br. -I, 
-CN, -NO2. substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocydyloxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups; or R^ may be absent if A Is nitrogen; 
or R® may be absent if D Is nitrogen; 

R® and R' are independently selected from -H, -F. -CI, -Br, -I, 
-CN, -NO2. substituted and unsubstituted alkyi groups having 
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from 1 to 12 carfwn atoms, substituted and unsut)stituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
arylakyi groups, substituted and unsubstituted lieterocyclyl 
groups, substituted and unsubstituted heterocyclylalkyi groups, 
-SIH, substituted and unsubstituted -S-all<yl groups, substituted 
and unsubstituted -S-iieterocyclyl groups, -S(=0)2-NH2, 
substituted and unsubstituted -S(=0)2-N(H)(alkyl) groups, 
substituted and unsubstituted -S(=0)2-N(alkyl)2 groups, -OH, 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted iieterocyclyloxy groups, substituted and 
unsubstitijted lieterocyclylalkoxy groups, -NI-I2, substituted and 
unsubstituted -N(l-i)(alkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)(iieterocyclyl) groups, substituted and unsubstituted 
-N(alkyi)(hetefocyclyl) groups, substituted and.unsubstituted 
-N(lieterocyclyl)2 groups, substituted and unsubstituted 
-N(IH)(iietero(^ylalkyl) groups, substituted and unsubstituted 
-N(alkyi)(hetero(^ylalkyl) groups, substituted and unsubstjtuted 
-N(heterocyclylalkyl)2 groups, substituted and unsubstituted 
-N(l-l)-C(=0)-alkyl groups, substituted and unsubstituted 
-N{H)-C(=0)-heterocyc!yl groups, substituted and unsubstituted 
-N(l-l)-C(=0)-heterocyclylalkyl groups, substituted and 
unsubstituted -N(alkyl)-C(0)-alkyl groups, substituted and 
unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(alkyl)-C(=0)-heterocyclylalkyl, substitijted 
and unsubstituted -N(H)-S(=0)2-alkyf groups, substituted and 
unsubstituted -N(H)-S(=0)2-lieterocyclyl groups, substituted and 
unsubstituted -N(H)-S(=0)2-lieterocyclylalkyl groups, substituted 
and unsubstituted -C(=0)-alkyl groups, substituted and 
unsubstituted -C(=0>-iieterojcyclyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, 
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substituted and unsubstituted -C(=0)-N(H)(alkyl) groups, 
substituted and unsubstituted -C(=0>-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocydyl) groups, 
substituted and unsubstituted -C(=0)-N(all<yl)(lieterocyclyl) 
groups, substituted and unsubstituted -C{=0)-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)(iieterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyclylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-all<yl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyi 
groups, or substituted and unsubstituted 
-C(=0)-0-tieterocydylall<yl groups; or R® is absent if B is 
nitrogen; or is absent if C is nitinogen; 

R® is selected fifom -H, substituted and unsubstituted alltyl 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted allcenyi groups having from 1 to 12 carbons, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralltyl groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocydylallcyl groups. -OH, substituted and unsubstituted 
allcoxy groups, substituted and unsubstituted heterocyclyloxy 
groups, -NI-I2, or substituted and unsubstituted 
heterocyclylaminoalJ^; and 

R^^is-H. 

[0283] I n some embodiments of the method of inhibiting a tyrosine 
l<inase in a subject and/or ttie metiiod of treating a biological condition 
mediated by tyrosine kinase activify in a subject using a compound of 
Structure I, a tautomer of Uie compound, a phamnaceutically acceptable salt 
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of the compound, a pharmaceutically acceptable salt of the tautomer. or 
mixtures thereof, the tyrosine kinase is FLT-3. In other embodiments, the 
tyrosine kinase is c-Kit. In still other embodiments, the tyrosine kinase is c- 
ABL In still other embodiments, the tyrosine kinase is FGFR3. In still other 
embodiments, the tyrosine kinase is p60src. In still other embodiments, the 
tyrosine kinase is VEGFR3. In still other embodiments, the tyrosine kinase is 
PDGFRa. In other embodiments, the tyrosine kinase is PDGFRp. 

[0284] In some embodiments of the method of inhibiting a tyrosine 
kinase in a subject and/or the method of treating a biological condition 
mediated by tyrosine kinase activity in a subject using a compound of 
Structure I, a tautomer of the compound, a phannaceutically acceptable salt 
of the compound, a phannaceutically acceptable salt of the tautomer, or 
mbctures tiiereof , the compound of Structure I has the following fomnula. 



kinase in a subject and/or the method of treating a btologlcal condition 
mediated by tyrosine kinase activity in a subject using a compound of 
Stmcturs I, a tautomer of the compound, a phannaceutteaJly acceptable salt 
of the compound, a phannaceutically acceptable salt of the tautomer, or 
mixtures thereof, the tyrosine kinase is Cdc2. c-Kit, c-ABL, p60src, VEGFR3, 
PDGFRa, PDGFRP, FGFR3, or FLT-3. In some such methods, the Cdc2 or 
otiier kinase is inhibited in the subject after administration. In methods of 
inhibiting Cdc2, Structure I has ttie following fbmiula: 




[0285] 



Methods Relating to Cell Dlvislori Cycle 2 Kinase 

In some embodiments of flie mettiod of inhibiting a tyrosine 
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where, 

A. B, C, and D are independently selected from carbon or 
nitrogen; 

Is selected from -H, -F. -CI, -Br. -I, -CN. -NO2, substituted and 
unsubstituted alkyi groups having from 1 to 12 cartx)n atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
cartx)n atoms, substituted and unsubstituted heterocydyl 
groups, substituted and unsubstituted heterocyclylalkyi groups, 
-SH, substituted and unsubstituted -S-alkyI groups, substituted 
and unsubstituted -S-heterocyclyl groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyciyloxy groups, substituted and unsubstituted 
heteiocyclylalkoxy groups. -NH2. substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(H)(heterocyclyl) 
groups, substituted and unsubstituted -N(alkyl)(heterocyctyl) 
groups, substituted and unsubstituted -N(heterocyclyl)2 groups, 
substituted and unsubstituted -N(H)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(heterocyclylalkyl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-alkyl groups, 
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substitirted and unsubstituted -N(H)-C(=0)-heterocyclyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclylalkyl 
groups, substituted and unsubstituted -C(=0>-alkyl groups, 
substituted and unsubstituted -C{=0)-heteix)cydyl groups, 
substituted and unsubstituted -C{=0)-heterocyclyialkyl groups, 
-C{=0)-NH2. substituted and unsubstituted -C{=0)-N(H)(alkyl) 
groups, substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H){heterocyclyJ) groups, 
substituted and unsubstituted -C(=0)-N(alkylXheterocyclyl) 
groups, substituted and unsubstituted -C(=0)-N(lietero(^yl)2 
groups, substituted and unsubstituted 
-C(=0)-N(HXhetero(^lylalkyi) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(lieterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyclylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-hetero(^clyl 
groups, or substituted and unsubstituted 
-C(=0)-Oheterocyclylaikyl groups; 

and are independently selected from -H, -F, -CI, -Br, -I, 
-NO2, -CN, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups leaving from 1 to 12 carbon atoms, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocyclylalkyl groups, 
-SH, substituted and unsubstituted -S-alkyI groups, substituted 
and unsubstituted -S(=0)2-0-alkyl groups, substituted and 
unsubstituted -S(=0)ralkyl groups, substituted and 
unsubstihjted -S(=0)2-heterocyclyl groups, -S(=0)2-NH2, 
substituted and unsubstituted -S(=0)2-N{H)(alkyl) groups, 
substituted and unsubstitijted -S(=0)2-N(alkyl}2 groups. 
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substituted and unsubstrtuted -S(=0)-alkyt groups, substituted 
and unsubstrtuted -S(=0)-heterocyclyl groups, -OH, substituted 
and unsubstrtuted alkoxy groups, substituted and unsubstrtuted 
aryloxy groups, substituted and unsubstrtuted heterocydytoxy 
groups, substituted and unsubstituted heterocydylalkoxy 
groups, -NH2, substrtuted and unsubstrtuted -N(H)(alkyl) groups, 
substrtuted and unsubstrtuted -N(alkyl)2 groups, substituted and 
unsubstrtuted -N(H)(aryl) groups, substituted and unsubstrtuted 
-N(alkyi)(aryl) groups, substrtuted and unsubstituted -N(aryl)2 
groups, substituted and unsubstituted -N(H)(aralkyt) groups, 
substituted and unsubstrtuted -N(alkyt)(aralkyl) groups, 
substrtuted and unsubstituted -N(aralkyi)2 groups, substituted 
and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstrtuted -N(alkyl)(heterocyclyt) groups, substituted and 
unsubstrtuted -N(heterocyclyl)2 groups, substrtuted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)(lieterocyclylalicyl) groups, substrtuted and 
unsubstituted -N(heterocyclylalkyl)2 groups, substituted and 
unsubstituted -N(H)-C(=0)^lkyi groups, substituted and 
unsubstituted -N(alkyl)-C(=0>-aikyl groups, substituted and 
unsubstituted -N(H)-C(=0)-aryl groups, substituted and 
unsubstituted -N(alkyt)-C(0)-aryt groups, substrtuted and 
unsubstituted -N(H)-C(=0)-aralkyl groups, substrtuted and 
unsubstituted -N(alkyt)-C(=p)-aralkyl groups, substituted and 
unsubstituted -N(H)-C(=0)-heterocyclyl groups, substituted and 
unsubstrtuted -N(alkyl)-C(=0)-heterocyclyl groups, substituted 
and unsubstituted -N(H)-C(=0)-tieterocyclylalkyl groups, 
substrtuted and unsubstrtuted -N(alkyi)-C(=0)-heterocyclylaikyl 
groups, substituted and unsubstrtuted -N(H)-S(=0)2-aikyl 
groups, substrtuted and unsubstituted -N(H>-S(=0)2-aryl, 
substituted and unsubstituted -N(H)-S(=0)2-heterocyclyl groups, 
substituted and unsubstrtuted rC(=0)-alkyl groups, substituted 
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and unsubstituted *C(=0>-aryi, substituted and unsubstituted 
.C(=0)-aralkyl. substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-heterocyclylalkyl groups, -C{=0)-NH2, substituted and 
unsubstituted -C(=0)-N{H){alkyl) groups, substituted and 
unsubstituted -C(=0)-N{alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -C(=0)-N{H)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N{alkyl){aralkyl) groups, substituted and 
unsubstituted -C(=0)-N{aralkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0>-N(alkyl)(lneterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heteroGyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyclylalkyl) 
groups, substituted and unsubstituted - 
C{=0)-N(lieterocyclylalkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, C(=0>-0-aryl groups - 
C(=0)-0-aralkyl groups, substituted and unsubstituted 
-C(=0)-Oheterocyclyl groups, or substituted and unsubstituted 
-C(=0)-0-heterocydylalkyl groups; 

R"^ is selected from -H or substituted and unsubstituted alky! 
groups having from 1 to 12 caribon atoms; 

and R^ are independentiy selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
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and unsubstftuteld heterocyclyl groups, substituted and 
unsubstituted heteiDcydylalkyl groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyciyloxy groups, or substituted and unsubstituted 
heterocyclylallcoxy groups; or may be absent if A is nitrogen; 
or may be absent if D is nitrogen; 

R® and R^ are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NOz, substituted and unsubstituted alkyi groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocydylalkyl groups, -SH, substituted and 
unsubstituted -S-alkyI groups, substituted and unsubstituted 
-S-heterocyclyl groups, -S(=0)2-NH2, substituted and 
unsubstituted -S(=0)2-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyciyloxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(H)(heterocyclyl) 
groups, substituted and unsubstituted -N(alkyl)(heterocyclyl) 
groups, substituted and unsubstituted -N(heterocyclyl)2 groups, 
substituted and unsubstituted -N(H)(heterocydylalkyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclyialkyl) groups, 
substituted and unsubstituted -N(heterocyclylalkyl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-alkyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclylalkyl 
groups, substituted and unsubstituted -C(=0)-alkyl groups, 
substituted and unsubstituted -C(=0)-heterocyclyl groups. 
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substituted and unsubstituted -C(=0)-heterocyclylalkyl groups, 
-C(=0)-NH2, substituted and unsubstituted -C(=0)-N(H)(alkyl) 
groups, substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocydyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl){heterocycl>1) 
groups, substituted and unsubstituted -C(=0)-N(heterocyclyl)2 
groups, substituted and unsubstituted 
-C(=0)-N(H){heterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(heterocyGlylalkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alkyl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-0-heterocyclylalkyl groups; or is absent if B Is 
nitrogen; or is absent if C is nitrogen; 

R^ is selected from -H, substituted and unsubstituted alkyl 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups having from 1 to 12 cartoons, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -OH, substituted and unsubstituted 
alkoxy groups, or -NH2; and 

R^°is-H. 

[0286] In some embodiments of the method of Inhibiting Cdc2 kinase, 
c-ICit, o-ABL, p60src, VEGFR3, PDGFRa. PDGFRP. FGFR3, or FLT-3 in a 
subject and/or the metiiod of treating a biological condition mediated by Cdc2 
kinase, c-Kit, p60src, c-ABL, VEGFR3. PDGFRa, PDGFRp, FGFR3, or FLT-3 
activity in a subject. 
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R"" IS selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted all<enyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocyclylalkyi groups, 
-OH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted heterocyclyloxy groups, substituted and 
unsubstituted heterocyclylalkoxy groups, -NH2, substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, or substituted and 
unsubstituted -N(heterocyclylalkyl}2 groups; 

and R^ are independently selected firom -H, -F, -CI, -Br, -I, 
-NO2, -CN, substituted and unsubstituted alkyI groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted aryl groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstituted heterocyclyl 
groups, substituted and unsubstituted heterocyclylalkyi groups, 
-OH, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted aryloxy groups, substituted and unsubstituted 
heterocyclyloxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(HKaryi) groups, 
substituted and unsubstituted -N(alkyl)(aryl) groups, substituted 
and unsubstituted -N(aryl)2 groups, substituted and 



wo 2004/018419 



PCTAJS2003/025990 



-177- 

unsubstituted -N(H)(aralkyl) groups, substituted and 
unsubstituted -N(alkyl)(araikyl) groups, substituted and 
unsubstituted -N(arali(yl)2 groups, substituted and unsubstituted 
-N(l-l)(heterocyclyl) groups, substituted and unsubstituted . 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N{iieterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocyclylall<yl) groups, substituted and unsubstituted 
-N(all<yl)(heterocyclylall<yl) groups, substituted and unsubstituted 
-N(heterocyclylalkyl)2 groups, substituted and unsubstituted 
-C{=0)-a\ky\ groups, substituted and unsubstituted 
-C(=0)-Iieterocyclyl groups, substituted and unsubstituted 
-C(=0)-Iieterocydylalkyl groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(all<yl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)(aryl) groups, substituted and 
unsubstituted -C(=0)-N(aryl)2 groups, substituted and 
unsubstituted -C(0)-N(IHXarallcyl) groups, substituted and 
unsubstituted -C(=0)-N(all<yl)(arall(yl) groups, substituted and 
unsubstituted -C(=0)-N(arall(yl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(allcyl)(heterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heterocyclylalicyl) groups, 
substituted and unsubstituted -C(=0)-N(ali(yl)(heterocyclylall(yl) 
groups, substituted and unsubstituted 
-C{=0)-N(heterocyclylallcyl)2 groups, -CO2H, substituted and 
un^bstituted -C(=0)-0-all<y! groups, substituted and 
unsubstituted -C(=0>-0-heterocyclyl groups, or substituted and 
unsubstituted -C(=0>-0-iieterocyclyiall(yl groups; 
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R® and are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NQ2, substituted and unsubstituted alky! groups having 
from 1 to 12 cartoon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 caribon atoms, substituted 
and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, -S(=0)2-NH2, substituted 
and unsubstituted -S(=0)?-N(H)(alkyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocydytoxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstitijted -N(H)(heterocyclyi} 
groups, substituted and unsubstituted -N(alkylKheterocyclyl) 
groups, substituted and unsubstituted -N(het6rocyclyi)2 groups, 
substituted and unsubstituted -N(H)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclylalkyt) groups, 
substituted and unsubstituted -N(heterocyclylalkyl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-alkyl groups, 
substi'tuted and unsubstituted -N(H)-C(=0)-heterocyclyl groups, 
substituted and unsubstituted -N(H)-C(=OHieterocyclylalkyt 
groups, substituted and unsubstituted -C(=0)-alkyl groups, 
substituted and unsubstituted -C(=0)-heterocyclyl groups, 
substituted and unsubstituted -C(=0)-heterocyclylalkyl groups, 
-C(=0)-NH2. substituted and unsubstituted -C(=0)-N(H)(alkyl) 
groups, substituted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocycl>^) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyclyl) 
groups, substituted and unsubstituted -C(=0)-N(heterocyGlyl)2 
groups, substituted and unsubstituted 
-C(=0)-N(HXheterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(heterocyclylalkyl) groups. 
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substitiited and unsubstrhited -C(=0)-N(heterx5cycly/alkyl)2 
groups, -CO2H, substituted and unsubstituted -C(=0)-0-alky1 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-0-lieterocyclylall<yl groups; or Is absent If B is 
nitrogen; or Is absent If C Is nitrogen. 

[0287] In some embodiments of the method of inhibiting Cdc2 l^inase, 
c-Kit, c-ABL. peosrc, VEGFR3. PDGFRa. PDGFRp. FGFR3. or FLT-3 In a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase, c-ICit. o-ABL. pBOsrc, VEGFR3. PDGFRa, PDGFRp, FGFR3, or FLT-3 
activity in a subject. A. B, C, and D are all carbon. 

[0288] In some embodiments of the method of Inhibiting Cdc2 kinase. 
oKIt, c-ABL. pSOsrc. VEGFR3, PDGFRa. PDGFRp. FGFR3. or FLT-3 In a 
subject and/or ttie method of treating a biological condition mediated by Cdc2 
kinase, c-KIt, o-ABL. p60src. VEGFR3. PDGFRa, PDGFRp. FGFR3. or FLT-3 
activity in a subject, one of A or D Is nitrogen, and B and C are both carbon. 

[0289] In some embodiments of the method of inhibiting Cdc2 kinase, 
c-Kit, c-ABL, pSOsrc, VEGFR3, PDGFRa. PDGFRp, FGFR3. or FLT-3 in a 
subject and/or the mettiod of treating a biological condition mediated by Cdc2 
kinase, c-KIt, c-ABL, p60src. VEGFR3. PDGFRa. PDGFRp. FGFR3, or FLT-3 
activity In a subject, R® is selected from -H. substituted and unsubstituted 
straight and branched chain alkyi groups having from 1 to 8 carbon atoms, 
substituted and unsubstituted cycloalkyi groups, substituted and unsubstituted 
aryl groups, substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocydyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, substituted and unsubstituted alkoxy groups, or 
-NH2. 

[0290] In some embodiments of ttie metfiod of inhibiting Cdc2 kinase, 
c-Kit. o-ABL, peOsrc. VEGFR3, PDGFRa. PDGFRp. FGFR3. or FLT-3 in a 
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subject and/or the method of treating a biological condition mediated by Cdc2 
Idnase, c-Klt. c-ABL. pSOsrc. VEGFR3. PDGFRa, PDGFRR FGFR3, or FLT-3 
activity in a subject, R® is selected from -H, unsubstituted straight and 
branched chain alkyi groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted cycloalkyi groups, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyl groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted heterocydylalkyl groups, 
substituted and unsubstituted all<oxy groups, substituted and unsubstituted 
hydroxyalkyi groups, -NHa, substituted and unsubstituted dialkylamlnoall<y| 
groups, substituted and unsubstituted allcylaminoallcyl groups, or substituted 
and unsubstituted aminoalicyl groups. 

[02911 In some embodiments of the method of inhibiting Cdc2 l<inase, 
c-Kit. c-ABL, peOsrc, VEGFR3, PDGFRa, PDGFRp, FGFR3, or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase. c-KH, o-ABL. p60src. VEGFR3, PDGFRa. PDGFRp, FGFR3, or FLT-3 
activity in a subject, R* is selected from -H, substituted and unsubstituted 
cycloalkyi groups, substituted and unsubstituted aralkyl groups, substituted 
and unsubstituted saturated heterocyclyl groups, substituted and 
unsubstituted condensed unsaturated heterocyclyl groups, substituted and 
unsubstituted heterocydylalkyl groups wherein the heterocyclyl moiety is 
saturated, or substituted and unsubstituted aminoalkyi groups. 

[02921 In some embodiments of the method of inhibiting Cdc2 kinase, 
c-Kit. o-ABL, pSOsrc. VEGFR3, PDGFRa. PDGFRp, FGFR3. or FLT-3 in a 
subject and/or the metiiod of treating a biological condition mediated by Cdc2 
kinase, c-K'rt, c-ABL, pSOsrc. VEGFR3. PDGFRa, PDGFRp. FGFR3, or FLT-3 
activity in a subject, R^ is selected from 4-aminometiiylbenzyl groups, 
benzimldazolyl groups, quinudidinyl groups, piperidinyl groups, 
piperidlnylalkyi groups, pymolidlnyl groups, pynolidinylalkyl groups, ^- 
alkylpyn-olidinylalkyl groups, imidazolylalkyi groups, tetrahydrofuranylalkyi 
groups, aminocyclohexyl groups, hydroxycyclohexyl groups, or 2,2-dimethyl- 
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3-aminopropyl groups. In some such embodFrnents, is a quinudldinyl 
group. In other such embodiments, R® Is a qulnuclldln-3-y1 group. 

[0293] In some embodiments of the method of Inhibiting Cdc2 Iclnase, 
o-Kit, c-ABL, p60src VEGFR3. PDGFRa. PDGFRp, FGFR3. or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
Idnase, c-KIt, o-ABL, p60src, VEGFR3. PDGFRa, PDGFRp, FGFR3, or FLT-3 
activity in a subject, R® is selected ftom monocyclic, bic^dic, and polycyclic 
saturated heterocyclyl groups. 

[0294] In some embodiments of the metfiod of inhibiting Cdc2 kinase, 
c-KIt, c-ABL. pSOsrc. VEGFR3. PDGFRa, PDGFRp. FGFR3, or FLT-3 in a 
subject and/or the mettiod of treating a biological condition mediated by Cdc2 
kinase, c-Kit, c-ABL, p60src, VEGFR3, PDGFRa, PDGFRp, FGFR3, or FLT-3 
activity in a subject, R* is -H. 

[0295] In some embodiments of the mettiod of Inhibiting Cdc2 kinase, 
o-Kit, o-ABL, pOOsrc. FGFR3, VEGFR3. PDGFRa. PDGFRp, or FLT-3 in a 
subject and/or the metiiod of treating a biological condition mediated by Cdc2 
kinase, c-Kit, o-ABL, pSOsrc, FGFR3. VEGFR3. PDGFRa. PDGFRp, or FLT-3 
activity In a subject. R^ Is selected from -H. -F. -CI, -Br. -1. substituted and 
unsubstltuted straight and branched chain alkyi groups having from 1 to 8 
carbon atoms, substituted and unsubstltuted cydoalkyi groups, substituted 
and unsubstituted heterocydyl groups, substituted and unsubstltuted 
heterocyolylalkyi groups, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocydyloxy groups, or substituted and 
unsubstituted heterocyclylalkoxy groups. 

[0296] In some embodiments of the mettiod of inhibiting Cdc2 kinase, 
o-Kit, c-ABL, p60src, FGFR3. VEGFR3. PDGFRa, PDGFRp. or FLT-3 In a 
subject and/or ttie metiiod of treating a biological condition mediated by Cdc2 
kinase, c-Kit. o-ABL, p60src, FGFR3. VEGFR3, PDGFRa. PDGFRp. or FLT-3 
activity In a subject. R^ is selected from-H. -F, -Cl. substituted and 
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unsubstituted straight or branched chain alkoxy, substituted and unsubstituted 
piperidinyloxy, substituted and unsubstituted morpholinyl, or substituted and 
unsubstituted plperazlnyl. In some such embodiments, is selected from - 
Ht -F, -CI. methoxy. lNl-methylpiperidin-3-yloxy, N-methylpiperidln-4-yloxy, 
morpholin-4-yl, N-methylplpenazin-4-yl, or N-ethylplperazin^yl. In other such 
embodiments. is -H. 

[0297] In some embodiments of the method of inhibiting Cdc2 kinase, 
o4<it, c-ABL, peOsnc. FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase, o-KIt c-ABL. pSOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp. or FLT-3 
activity in a subject, R^ is selected fiom -H, -F, -CI, -Br, -I, -NO2, -CN, 
substituted and unsubstituted straight and branched chain alkyi groups having 
fifom 1 to 12 carbon atoms, substituted and unsubstituted cycloalkyi groups, 
substituted and unsubstituted aryl groups, substituted and unsubstituted 
aralkyi groups, substituted and unsubstituted heterocydyl groups, substituted 
and unsubstituted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted heterocyclylalkoxy 
groups, -NH2, substituted and unsubstituted -N(H)(alkyl) groups, substituted 
and unsubstituted -N(alkyl)2 groups, -C(=0)-NH2, substituted and 
unsubstituted -C(=0)-N(H)(aryl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(aryl) groups, substituted and unsubstituted -C(=0)-N(aryl)2 
groups, substituted and unsubstituted -C(=0)-N(H)(aralkyI) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(aralkyl) groups, substituted and 
unsubstituted -C(=0)-N(aralkyl)2 groups, or -CO2H. 

[0298] In some embodiments of tiie metiiod of inhibiting Cdc2 kinase, 
oWt, c-ABL, peOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT^ In a 
subject and/or the mettiod of treating a biological condition mediated by Cdc2 
kinase, c-Kit, c-ABL, p60src, FGFR3, VEGFR3, PDGFRa, PDGFRp. or FLT-3 
activity In a subject, R^ is selected from -H, -CI, -F, -Br, -I, -NO2, -CN, 
substituted and unsubstituted straight or branched chain alkyI having from 1 to 
8 cartKMis, substituted and unsubstituted phenyl groups, substituted and 



wo 2004/018419 



PCT/US2003/025990 



-183- 

unsubstituted thfophene groups, substituted and unsubstituted 1.2,3.6- 
tetrahydropyridlnyl groups, substituted and unsubstituted pyridinyl groups, 
substituted and unsubstituted straight or branched chain alkoxy groups, 
substituted and unsubstituted pyridlnylalkoxy groups, substituted and 
unsubstituted dialkylamino groups, or -CO2H. 

[0299] In some embodiments of ttie metiiod of Inhibiting Cdc2 kinase, 
c-Wt, o-ABL, peOsro. FGFR3. VEGFR3. PDGFRa, PDGFRp, or FLT-3 In a 
subject and/or the mettiod of treating a biological condition mediated by Cdc2 
kinase, o^<lt, c-ABL. p60src, FGFR3, VEGFR3, PDGFRa. PDGFRp, or FLT-3 
activity in a subject, R^ is a.substituted and unsubstituted aryl group selected 
from phenyl, 2-hydroxyphenyl, 2-amlno-4-carboxyphenyl. 2. 6-difluorophenyl. 
3-methoxyphenyl, 3-carboxyphenyl, 3-acetylphenyl. 3-aminophenyl. 3- 
hydroxyphenyl, 3-acetamidophenyl, 3-carboxamidophenyl. 4-cyanophenyl, 4- 
hydroxyphenyl, 4-methoxyphenyl. or4-carboxyphenyl. 

[0300] In some embodiments of ttie method of inhibiting Cdc2 kinase, 
c-KIt, o^L, peOsrc. FGFR3, VEGFR3, PDGFRa. PDGFRp, or FLT-3 in a 
subject and/or the method of treating a blotogical conditfon mediated by Cdc2 
kinase, o-KIt, o-ABL, p60src, FGFR3, VEGFR3. PDGFRa, PDGFRp, or FLT-3 
activity in a subject. R^ is selected from -H, -F. -CI, -Br, -I, methyl, mettioxy. or 
-CQzH. In some such embodiments, R^ is -CO2H. 

[0301] In some embodiments of ttie metiiod of Inhibiting Cdc2 kinase, 
c-Krt, c-ABL. pOOsrc. FGFR3, VEGFR3. PDGFRa, PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase, c-KIt, c-ABL, p60src, FGFR3, VEGFR3. PDGFRa, PDGFRp. or FLT-3 
activity in a subject. R^ is selected from -H, -F, -CI, -Br, -I, -CN, substituted 
and unsubstituted straight or branched chain alkyi groups having from 1 to 8 
carbon atoms, substituted and unsubstituted cycloalkyi groups, substituted 
and unsubstituted aryl groups, substituted and unsubstituted aralkyi groups, 
substituted and unsubstituted heterocydyl groups, substituted and 
unsubstituted heterocyclylalkyi groups. -OH. substituted and unsubstituted 
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alkoxy groups, substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocydylalkoxy groups, substituted and 
unsubstituted -N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, or substituted and unsubstituted -N(H)(heterocyclylall<yl) groups. 

[0302] In some embodiments of the mettiod of inhibiting Cdc2 Itinase, 
c-ICit, oABL, p60src, FGFR3, VEGFR3, PDGFRa. PDGFRp. or FLT-3 in a 
sut)|ect and/or the method of treating a biological condition mediated by Cdc2 
lanase, o-Kit, c-ABL, pBOsrc, FGFR3, or VEGFR3, PDGFRa. PDGFRp, FLT-3 
activity in a subject. R^ls selected from -H, -F. -CI. -Br. -I, -CN. substituted 
and unsubstituted straight or branched chain alkyi groups having from 1 to 8 
carbon atoms, substituted and unsubstituted phenyl groups, substituted and 
unsubstituted heterocyclyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -OH, unsubstituted straight or branched chain alkoxy 
groups, dialkylaminoalkoxy groups, substituted and unsubstituted 
pyrrolkliiiylalkoxy groups, substituted and unsubstituted pynolidlnonealkoxy, 
substituted and unsubstituted -N(H)(alkyl) groups, substituted and 
unsubstituted -N(alkyl)2 groups, or substituted and unsubstituted 
-N(HXpynolldinylalkyl) groups. 

[0303] In some embodiments of ttie method of inhibiting Cdc2 kinase, 
c-Kit, o-ABL, peosrc, FGFR3. VEGFR3, PDGFRa. PDGFRp. or FLT-3 in a 
subject and/or the method of tiieating a biological condition mediated by Cdc2 
kinase, oKit, c-ABL, p60src, FGFR3, VEGFR3, PDGFRa, PDGFRp. or FLT-3 
activity in a subject, R' is selected from mettioxy, 3-acetamidophenyl groups, 
4-carboxamldophenyl groups, 4-cart)oxyphenyl groups, 2-alkylimldazolyl 
groups, N-alkylpiperazinyl groups, 3-substituted pynolidinyl groups. 4- 
carboxyamidopiperidinyl groups, dimethylamino groups, or 
-N(H)(cyclohexylalkyl) groups wherein the cyclohexyl moiety is substituted 
wltti hydroxy. 

[0304] In some embodiments of the mettiod of inhibiting Cdc2 kinase. 
o-Klt. o-ABL, pSOsrc FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 in a 



wo 2004/018419 



PCTA;S2003/02S990 



-185- 

subject and/or the method of treating a biological condition mediated by Cdc2 
Itinase, c-Kit, o-ABL, pSOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 
activity in a subject, is selected from -H. -F, -CI, -Br, methoxy. and 
dimethylamino groups. 

[0305] In some embodiments of the method of inhibiting Cdc2 Icinase, 
o-Kit, o^BL, peOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cd(£ 
Idnase. o-Kit, c-ABL, peOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 
activity in a subject, R* is selected from -H or-CHa. In some such 
embodiments, R^ is -H. 

[0306] , In some embodiments of the method of inhibiting Cdc2 kinase, 
o-Kit, o-ABL, p60src, FGFR3, VEGFR3. PDGFRa, PDGFRp, or F.LT-3 in a 
subject and/or the method of treating a bioioglcal condition mediated by Cdc2 
kinase, o-Kit. c-ABL, p60src, FGFR3, VEGFR3, PDGFRa, PDGFIRp. or FLT-3 
activity in a subject, R^ and R' are independently selected from -H, -F, -OH, 
or saturated heterocyclyl groups; or R^ is absent if A is nitrogen; or 1^ is 
absent if D is nitrogen. In some such embodiments, A and D are both carbon, 
R'is-KandR'is-H. 

[0307] In some embodiments of the method of inhibiting Cdc2 kinase. 
c-Kit. c-ABL, pOOsrc. FGFR3. VEGFR3. PDGFRa, PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biotogical conditton mediated by Cdc2 
kinase, o-Kit, c-ABL, p60src FGFR3, VEGFR3, PDGFRa. PDGFRp. or FLT-3 
activity in a subject, R® and R^ are independently selected from -H, -F, -CI, 
-Br. -I, -CN, substituted and unsubstituted straight and branched chain alkyi 
groups having from 1 to 8 caibon atoms, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted heterocyclylaikyi groups, 
substituted and unsubstituted -S(=0)2-N(HXalkyl) groups, substituted and 
unsubstituted -S(=0)2-N(alkyl)2 groups. -OH. substituted and unsubstituted 
alkoxy groups, substituted and unsubstituted heterocyclybxy groups, 
substituted and unsubstituted heterocydylalkoxy groups, substituted and 
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unsubstftuted -N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(HXheterocyclyl) groups, substituted 
and unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted artd unsubstituted 
-N(alkyl)(iieterocydyiall<yl) groups, substituted and unsubstituted 
-C(=0)-heterocyclyl groups, substituted and unsubstituted -C(=0)-N{H)(alkyI) 
groups, substituted and unsubstituted -C(=0)-N(all<yl)2 groups, substituted 
and unsubstihjted -C(=0)-N{H)(heterocyclyl) groups, or substituted and 
unsubstituted -C(=0)-N(all<yl)(lieterocyclyl) groups; or R® is absent if B is 
nitrogen; or R'' is absent if C is nitrogen. 

[0308] In some embodiments of ttie method of inliibiting Cdc2 l<inase, 
c-Kit, o-ABL, peOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase. c-Kit. c-ABL, p60src, FGFR3. VEGFR3, PDGFRa. PDGFRp, or FLT-3 
activity in a subject, R® and R^ are independentiy selected from -H, -F, -CI, 
-CN, substituted and unsubstituted straight and branched chain alkyi groups 
having from 1 to 8 carbon atoms, substituted and unsubstituted heterocydyl 
groups, substituted and unsubstituted hetenocyclylalkyi groups, substituted 
and unsubstituted -S(=0)2-N(alkyl)2 groups. -OH, substituted and 
unsubstituted straight and branched chain alkoxy groups, substituted and 
unsubstituted pym)lidinyloxy groups, substituted and unsubstituted 
piperidinyloxy groups, substituted and unsubstituted pynolidinylalkoxy groups, 
substituted and unsubstituted tetrahydrofuranylalkoxy groups, substituted and 
unsubstituted morpholinylalkoxy groups, subsb'tijted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted -N(HKplperidinyl) groups, 
substituted and unsubstituted -N(alkylKpiperidlnyl) groups, substituted and 
unsubstituted -N(H)(piperidlnylalkyl) groups, substituted and unsubstihjted 
-C{=0)-heterocyclyl groups, substituted and unsubstituted -C(=0)-N(alkyl)2 
groups. orsubstihJted and unsubstihjted -C(=0>-N(alkylXheterocydyl) groups; 
or R® is absent if B Is nitrogen; or R^ is absent if C is nitrogen. 
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[0309] In some embodiments of the method of inhibitfng Cdc2 kinase, 
c-Kit, o-ABL, peOsrc, FGFR3, VEGFR3, PDGFRa. PDGFRp, or FLT^ in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase, c-Kit. o-ABL, p60src. FGFR3, VEGFR3. PDGFRa. PDGFRp. or FLT-3 
activity in a subject, R® and R^ are independently selected from -H, -F, -CI, 
-CN, substituted and unsubstituted straigiit and branched chain alkyi groups 
having from 1 to 8 carbon atoms, substituted and unsubstituted pyaolidinyl 
groups, substituted and unsubstituted morpholinyl groups, substituted and 
unsubstituted piperazinyl groups, substituted and unsubstituted diazepinyl 
groups, substituted and unsubstituted triazolyl groups, substituted and 
unsubstituted thiomorpholine 1-oxide groups, substituted and unsubstituted 
pyridinylalkyi groups, substituted and unsubstituted -S(=0)2-N(alkyl)2 groups, 
-OH. substituted and unsubstituted straight and branched chain alkoxy 
groups, substituted and unsubstituted heterocydyloxy groups, substituted and 
unsubstituted heterocyclylalkoxy groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted -N(H)(heterocyciyl) groups, 
substituted and unsubstituted -N(aikylKheterocyclyl) groups, substituted and 
unsubstituted -N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)2 groups, substituted and unsubstituted 
-C(=0)-N(alkyl)(plperidinyl) groups, substituted and unsubstituted 
-C(=0)-(morpholin-4-yl) groups, or substituted and unsubstituted 
-C(=0)-(piperazin-1-yl) groups; or R« is absent if B is nitrogen; or R^ is absent 
if C is nitiogen. In some such embodiments, R® and R^ are independently 
selected from -H, -F, -CI, -CN, or -OH; or R® is absent if B is nitrogen; or R' is 
absent if C is nitrogen. In other such embodiments, B and C are both carbon 
and R® and R' are both -H. 

[0310] In some embodiments of the method of Inhibiting Cdc2 kinase, 
o-Kil, c-ABL, p60src, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biotogteal conditfon mediated by Cdc2 
kinase. c-KIt, o-ABL, pSOsrc, FGFR3, VEGFR3, PDGFRa, PDGFRp, or FLT-3 
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activity in a subject. A, B. C, and D are all caiton, and R®, R®. R^ and R* are 
all-H. 

1031 1] In some emlxxllments of the method of inhibiting Cdc2 Idnase, 
c-Kit. oABL, peOsrc. FGFR3. VEGFR3, PDGFRa. PDGFRp. or FLT-3 in a 
subject and/or the nrethod of treating a bfological condition mediated by Cdc2 
kinase, o-Kit, o-ABL, p60src, FGFR3, VEGFR3, PDGFRa, PDGFR^. or FLT-3 
activity in a subject, the ICgo value of the compound is less than or equal to 10 
jiM vwth respect to Cdc2 kinase, o-Kit, ofiBL, p60src, FGFR3, VEGFR3, 
PDGFRa, PDGFRp, or FLT-3. In other such embodiments, the IC50 value is 
less than or equal to 1 jiM, Is less than or equal to 0.1 nM, is less than or 
equal to 0.050 nM, is less than or equal to 0.030 ^iM, Is less than or equal to 
0.025 ^M, or is less than or equal to 0.010 fiM. 

[0312] In some embodiments of the method of Inhibiting Cdc2 kinase, 
c-Kit, oABL. peOsrc, FGFR3, VEGFR3, PDGFRa. PDGFRp, or FLT-3 in a 
subject and/or the method of treating a biological condition mediated by Cdc2 
kinase, o-Kit, o-ABL, pOOsrc, FGFR3. VEGFR3, PDGFRa. PDGF^Rp, or FLT-3 
activity in a subject, the subject is a mammal or is a human. 

[0313] In some embodimente of the method of treating a biological 
condition mediated by Cdc2 kinase, c-Kit, o-ABL, p60src, FGFR3, VEGFR3, 
PDGFRa, PDGFRp, or FLT-3 activity In a subject, the blotogical condition is 
cancer. 

Methods Relating to FYN Oncogene Kinase Related to SRC, PGR, YES 

[0314] In some embodiments of ttie mettiod of inhibiting a tyrosine 
kinase in a subject and/or ttie mettiod of treating a biological condition 
mediated by tyrosine kinase activity In a subject using a compound of 
Structure I, a tautomer of the compound, a phamiaceutteally acceptable salt 
of the compound, a pharmaceutically acceptable salt of ttie tautomer, or 
mixtures thereof, the tyrosine kinase Is Fyn. In some such methods, the Fyn 
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Is inhibited in the subject after administration, in methods of inhibiting Fyn, 
Structure I has the foiiowing formula: 




I 

where: 

A, B, C, and D are independently selected from carbon or 
nitrogen; 

and are independently selected from -H, -F, -CI, -Br. -I, 
-CN, -NO2, or substituted and unsubstituted straight and 
branched chain alkyi groups having from 1 to 8 carbon atoms; 

r2 is selected from -H, -F, -a. -Br. -I, -CN. -NO2, substituted and 
unsubstituted alkyI groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted aryl groups, or substituted and 
unsubstituted aralkyi groups; 

R^ is selected from -H or substituted and unsubstituted straight 
and branched chain alkyI groups having finom 1 to 8 carbon 
atoms; 
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and are independently selected from -H or substituted 
and unsubstituted straight and branched chain alkyl groups 
having from 1 to 8 carbon atoms; or R^ may be absent If A Is 
nitrogen; or R® may be absent if D is nitrogen; 

R® and R^ are independently selected from -H, -F, -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyl groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 carbon atoms, substituted 
and unsubstituted heten>cyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, -SH, substituted and 
unsubstituted -S-alkyI groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocydytoxy groups, substituted and unsubstituted 
heterocydylalkoxy groups, -NH2. substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(H)(heterocyclyl) 
groups, substituted and unsubstituted -N(alkyi)(heterocyclyl) 
groups, substituted and unsubstituted -N(heterocyclyl)2 groups, 
substituted and unsubstituted -N(H}(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(aII^I)(het6rocyclylalkyl) groups, 
substituted and unsubstituted -N(heterocyclyla!kyl)2 groups, 
substituted and unsubstituted -N(H)-C(=0)-alkyl groups, 
substituted and unsubstituted -N{H>-C(=0)-heterocyclyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclylalkyl, 
substituted and unsubstituted -N(alkyl)-C(=0>-alkyl groups, 
substituted and unsubstituted -N(alkyl>0(=0)-heterocyclyl 
groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclylalkyl, substituted and unsubstituted 
-N(H)-S(=0)2-alkyl groups, substituted and unsubstituted 
-N(H)-S(=0)2-heterocyclyl groups, substituted and unsubstituted 
-N(H)-S(=0)2-heterocyclylalkyl groups, substituted and 
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unsubstihjted -C(=0)-alky( groups, substituted and unsubstituted 
-C(=0)-heteio(^yl groups, substituted and unsubstituted 
-C(=0)-heterocyclylalkyl groups, -C(=0)-NH2. substituted and 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N{alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyI) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(heterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(H)(iieterocyclylalkyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(lieterocyclylalkyl) 
groups, -CO2H, substituted and unsubstituted -C(=0}-0-a!kyl 
groups, substituted and unsubstituted -C(=0)-0-heterocyclyl 
groups, or substituted and unsubstituted 
-C(=0)-C)-heterocyclylalkyl groups; or R® may be absent if B is 
nitrogen; or may be absent if C is nitrogen; 

R° is selected from -H, substituted and unsubstituted alkyi 
groups having linom 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups having finom 1 to 12 carbon atoms, 
substituted and unsubstituted heterocyciyi groups, substituted 
and unsubstituted heterocyclylalkyi groups, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, or substituted and unsubstituted 
heterocyclylalkoxy; and 

R'°is-H. 

[031 5] In some embodiments of tfie nretiiod of Inhibiting Fyn In a 
subject and/or the metiiod of tieati'ng a biological condition mediated by Fyn 
activity In a subject, R® and R' are independentiy selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyI groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocyciyi groups, substituted and 
unsubstituted heterocyclylalkyi groups, -OH, substituted and unsubstituted 
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alkoxy groups, substituted and unsubstituted heterocyclyloxy, substituted and 
unsubstituted heterocyclylalkoxy, -NH2> substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 groups, 
substituted and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(aIkyl)(heterocycfyl) groups, substituted and unsubstituted 
-N(lieterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(lieterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(heterocyclylalkyl)2 groups, substituted and unsubstituted -N(H)-C(=0)-alkyl 
groups, substituted and unsubstituted -N(H)-C(=0)-heterocyclyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclylalkyl, substituted and 
unsubstituted -N(aikyl)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(alkyl>-C(=0)-lieterocyclyl groups, substituted and unsubstitijted 
-N{alkyl)-C(=0)-heterocyclylalkyl, -C(=0)-NH2. substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted -C(=0)-N(alkyl)2 
groups, substituted and unsubstituted -C(=0)-N(H)(heterocyclyl) groups, 
substituted and unsubstituted -C(=0>-N(alkyl)(heterx)cyclyl) groups, 
substituted and unsubsta'tuted -C(=:0>-N(l-l)(heterocydylalkyl) groups, or 
substituted and unsubstituted -C(=0)-N(alkyi)(heterocyclylalkyl) groups; or 
may be absent if B is nitnogen; or may be absent if C is nitrogen. 

[0316] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the metiiod of treating a biological condition mediated by Fyn 
activity in a subject, A, B, C, and D are all cart)on. 

[0317] In some embodiments of the methcxl of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity In a subject, one of A or D is nitrogen, and B and C are both carbon. 

[031 8] In some embodiments of tiie metiiod of inhibiting Fyn In a 
subject and/or the metiiod of tineating a biological condition mediated by Fyn 
activity in a subject, R^ is selected from -4-1, substituted and unsubstituted 
stiraight or branched chain alkyi groups having from 1 to 8 carbons, 
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substituted and unsubstituted cydoalkyl groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted heterocydylalkyl groups, or 
substituted and unsubstituted heterocyclyloxy groups. 

[0319] In some embodiments of tlie method of inliib'iting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject, is selected from -H, all(ylaminoall<yl groups, 
substituted and unsubstituted saturated heterocyclyl groups, or substituted 
and unsubstituted heterocydylalkyl groups wherein the heterocyclyl moiety is 
saturated. 

[0320] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject, is selected from -H, substituted and unsubstituted 
quinuclidinyl groups, substituted and unsubstituted piperidinyi groups, 
substituted and unsubstituted N-alkylpiperidinyl groups, substituted and 
unsubstituted piperidinylalkyi groups, substituted and unsubstituted 
pynrolidinyl groups, substituted and unsubstituted N-alkyl-pyrroltdinyl, or 
substituted and unsubstituted pynolidinylalkyl groups. In some such 
embodiments, R® is -H. 

[0321] In some embodiments of the method of inhibiting Fyn in a 
subject and/or ttie metiiod of treating a biological condition mediated by Fyn 
activity in a subject, R^ is selected from quinuclidin-3-yl, piperidin-3-yl, 
piperidin-4-yl, N-methylpiperidin-4-yl, 3-piperidinylmethyl, or pynrolidin-3-yl. 

[0322] In some embodiments of the metiiod of Inhibiting Fyn in a 
subject and/or the metiiod of treating a biological condition mediated by Fyn 
activity in a subject, R^ and R^ are independentiy selected from -H or -F. In 
some such embodin^nts, R^ is -H. 

[0323] In some embodiments of the method of Inhibiting Fyn in a 
subject and/or ttie metiiod of ti-eating a biological condition mediated by Fyn 
activity in a subject, R^ is selected from -H, -F, -CI, -Br, -I, substituted and 
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unsubstituted straight or branched chain alkyi groups having from 1 to 8 
carbons, or substituted and unsubstituted aryl groups. In some such 
embodiments, is selected from ~H, -F, -CI, -Br, -I, substituted straight or 
branched chain alkyI groups having from 1 to 4 carbons, or substituted aryl 
groups. In other such embodiments, is selected from -H, -CI, -Br, and -L 
In still other such embodiments, R^ is -H. 

[0324] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn* 
activity in a subject, R^ is -H. 

[0325] In some embodiments of the method of inhibiting Fyn in a 
subject and/or ttie method of treating a biological condition mediated by Fyn 
activity in a subject, is -F. 

[0326] In some embodiments of the method of inhibiting Fyn in a 
subject and/or tiie method of treating a biological condition mediated by Fyn 
activity in a subject, R"^ is -H. 

[0327] In some embodiments of the method of Inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject, R^ is -H; or where B is nitrogen and R^ is absent. 

[0328] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the mettiod of treating a biological condition rnedlated by Fyn 
activity in a subject R® and R^ are Independentiy selected firom -H, -F, -CI, 
-Br, -I, substituted and unsubstituted ail^ groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocydylalkyl groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 groups, 
substituted and unsubstituted -N(H){heterocyclyl) groups, substituted and 
unsubstituted -N{alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyciylalkyi) groups, substituted and unsubstituted 
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-N(H)-C(=0>-a!lcyl groups, substituted and unsubstltuted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0>-heterocyclylalkyl, substituted and unsubstituted 
-N(alkyl)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyl groups, or substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclylalkyl; or may be absent if B is nitrogen; or 
may be absent if C is nitrogen. 

[0329] In some embodiments of the method of Inhibiting Fyn In a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject, R® and R^ ate independently selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyi groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, or substituted and unsubstituted 
-N(alkyl)-C(=0)-alkyl groups; or R® may be absent if B is nitrogen; or R^ may 
be absent if C is nitrogen. 

[0330] In some embodiments of the metiiod of Inhibiting Fyn in a 
subject and/or flie metiiod of treating a biological condition mediated by Fyn 
activity in a subject, R^ and R^ are independentiy selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyI groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted saturated heterocyclyl groups, 
substituted and unsubstituted -N(alkyl)(heterocyclyl) groups, wherein the 
heterocyclyl moiety is saturated, or substituted and unsubstituted 
-N{alkyl)-C(=0)-alkyl groups; or R® may be absent if B is nitrogen; or R^ may 
be absent If C is nitrogen. In otiier such embodiments, R® and R^ are 
independently selected from -H, -F, or -CI; or R® may be absent if B is 
nitrogen; or R^ may be absent if C is nitrogen. In other such embodiments, B 
is carbon and R® is -+I; or C is carlx)n and R^ is --H. 

[0331] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
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activity in a subject, and are independently selected from sut)stituted 
and unsut)stituted piperazinyl groups, sut)stituted and unsubstituted 
morpholinyl groups, substituted and unsubstituted pynolidinyl groups, 
substituted and unsubstituted -N(alkyl)(piperidlnyl) groups, or substituted and 
unsubstituted -N(alkyl)-C(=0)-alkyl groups; or R^ may be absent if B is 
nitrogen; or R' may be absent if C is nitrogen. 

[0332] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject. R^ and R^ are Independently selected from 4- 
allcylpiperazin-1-yl groups, 4-all<yl-2-alkyl-piperazin-1-yl groups, 4-all<yl-3- 
allcylpiperazin-1-yl groups, morpholln-4-yl groups, 2-dialkylaminoall<yl-5- 
all(ylmorpholin-4-yl groups, 3-dialkylaminopynolidin-1-yl groups, 3- 
dialkylaminoalkylpyrrolidin-l-yl groups, -N(alkyl)(1-alkylpiperidinyl) groups, or 
-N(alkyl)-C(=0)-alkyl groups; or R® may be absent if B Is nitrogen; or R^ may 
be absent if C Is nitrogen. 

{0333] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject, R^ and R^ are independently selected from 4- 
methylpiperazin-1-yl groups, 4-ethylpiperazin-1-yl groups. 4- 
isopropylpiperazln-1-yl groups, 4-methyl-2-methylpipera2in-1-yl groups, 4- 
ethyl-2-methylplpera2in-1-yl groups, 4-lsopropyl-2-methylpiperazin-1-yl 
groups, 4-cyck)butyl-2-methylpipera2ln-1-yl groups, 4-methyl-3- 
methylpiperazln-1-yl groups, morpholin-4-yl groups, 2-dimethylaminomethyl-5- 
methylmorpholin-4-yl groups, 3-dimethylaminopynoIldin-1-yl groups, 3- 

dimethylaminomethylpyrTolidin-1-yl groups, -N{methyl)(1-methylpiperidin-4-yl) 
groups, or-N(methyl)-C(=0)-methyl groups; or R^ may be absent if B is 
nitrogen; or R^ may be absent if C is nitrogen. 

[0334] In some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biohsgical condition mediated by Fyn 
activity In a subject, the IC50 value of the compound is less than or equal to 10 
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with respect to Fyn. In other such embodiments, the iCso value Is less than 
or equal to 1 ^M, is less than or equal to 0.1 fiM, is less than or equal to 0.050 
\M, is less than or equal to 0.030 \iM, is less than or equal to 0.025 \iM, or is 
less than or equal to 0.010 \iM. 

[0335] in some embodiments of the method of inhibiting Fyn in a 
subject and/or the method of treating a biological condition mediated by Fyn 
activity in a subject, the subject is a mammal or is a human. 

[0336] In some embodiments of Vne mettiod of treating a biological 
condition mediated by Fyn activity in a subject, the biological condition is an 
autoimmune disease, and in some such embodiments the biological condition 
is rheumatoid arthritis or systemic lupus erythematosus. In other such 
embodiments, the biological condition is organ transplant rejection. 

Methods Relating to Lymphocyte-Specific Protein Tyrosine Kinase 

[0337] I n some embodiments of the method of inhibiting a tyrosine 
kinase in a subject and/or the method of treating a biological condition 
mediated by tyrosine kinase activity in a subject using a compound of 
Structure I, a tautomer of the compound, a pharmaceutically acceptable salt 
of tfie compound, a phamnaceutically acceptable salt of the tautomer, or 
mixtures ttiereof. tiie tyrosine kinase is Lck. In some such methods, tiie Lck is 
inhibited in the subject after administration. In mettiods of Inhibiting Lck, 
Structure I has the following fomnula: 
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where, 

A, B, C, and D are Independently selected from carbon or 
nitrogen; 

R\ R^, and are independent!^ selected from -H, -F, -CI, -Br, 
-I, -CN, -NO2, or substituted and unsubstituted straight and 
branched chain alkyi groups having from 1 to 8 carbon atoms; 

R^ Is selected from -H or substituted and unsubstituted straight 
and branched chain alkyI groups having from 1 to 8 carbon 
atoms; 

R^ and R® are independently selected from -H or substituted 
and unsubstituted straight and branched chain alkyI groups 
having from 1 to 8 carbon atoms; or R^ may be absent rf A is 
nitrogen; or R® may be at>sent if D is nrtrogen; 

R^ and R^ are independently selected from -H, -F. -CI, -Br, -I, 
-CN, -NO2, substituted and unsubstituted alkyI groups having 
from 1 to 12 carbon atoms, substituted and unsubstituted 
alkenyl groups having from 1 to 12 cartx)n atoms, substituted 
and unsubstituted heterocydyl groups, substituted and 
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unsubstftuted hetenocyclylalkyl groups. -SH, substituted and 
unsubstrtuted -S-alkyt groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, substituted and unsubstituted 
heterocyclylalkoxy groups, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyl)2 
groups, substituted and unsubstituted -N(H)(lieterocyclyl) 
groups, substituted and unsubstituted -N(alkyl)(heterocyclyl) 
groups, substituted and unsubstituted -N(heterocyclyl)2 groups, 
substituted and unsubstituted -N(H)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(alkyl)(heterocyclylalkyl) groups, 
substituted and unsubstituted -N(heterocyclylalkyl)2 groups, 
substituted and unsubstituted -N(H>-C(=0)-alkyl groups, 
substituted and unsubstituted -N(H>-C(=0)-heterocyclyi groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclylaikyl, 
substituted and unsubstituted -N(alkyi)-C(=0)-alkyl groups, 
substituted and unsubstituted -N(alkyl)-C(=0)-heterocyclyl 
groups, substituted and unsubstituted 
-N(alkyl)-C(=0}-Iieterocyclylalkyl, substituted and unsubstituted 
-N(H)-S(=0)2-alkyi groups, substiMed and unsubsta'tuted 
-N(H>-S(=0)2-heterocyclyl groups, substituted and unsubstihJted 
-N(H)-S(=0)2-heterocyclylalkyl groups, substituted and 
unsubstituted -N(alkyl)-S(=0)2-alkyi groups, substi'tuted and 
unsubstituted -N(alkyl)-S(=0)2-heterocydyl groups, substituted 
and unsubstituted -N(alkyl)-S(=0)2-heterocyclylalkyl groups, 
substituted and unsubstituted -C(=0)-alkyl groups, substituted 
and unsubstituted -C(=0)-heterocydyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylalkyl groups, -C(=0)-NH2, 
substituted and unsubstifejted -C(=0).N(H)(alkyl) groups, 
substi'tuted and unsubstituted -C(=0)-N(alkyl)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterooyclyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterx)cydyl) 
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groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclylalkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(heterocyclylalkyl) groups, -CO2H, 
substituted and unsubstituted -C(=0)-0-alkyl groups, substituted 
and unsubstituted -C(=0)-0-heterocyclyl groups, or substituted 
and unsubstituted -C(=0)-0-heterocycly!alky) groups; or may 
be absent if B is nitrogen; or may be absent if C is nitrogen; 

R^ is selected from -H, substituted and unsubstituted alkyi 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups liaving from 1 to 12 carbon atoms, 
substituted and unsubstituted heterocyclyl groups, substituted 
and unsubstituted heterocyclylalkyi groups, substituted and 
unsubstituted alkoxy groups, or substituted and unsubstituted 
heterocyclyloxy groups; and 

R^°is--H. 

[0338] In some embodiments of the method of inhibiting Lck in a 
subject and/or tiie method of treating a biological condition mediated by Lck 
activity in a subject, R^ and are independentiy selected finom -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyI groups having from 1 to 8 carbon 
atoms, substituted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclylalkyi groups, -OH, substituted and unsubstituted 
alkoxy groups, substituted and unsubstituted heterocyclyloxy, substituted and 
unsubstituted heterocyclylalkoxy, -NH2, substituted and unsubstituted 
-N(H)(alkyl) groups, substituted and unsubstituted -N(alkyi)2 groups, 
substituted and unsubstituted -N(H)(hetenDcyclyl) groups, substituted and 
unsubstituted «N(alkyl)(hetenDcydyl) groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H)(heterocydylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted 



wo 2004/018419 



PCTAJS2003/02S990 



-201- 

-N(heterocyclylalkyl)2 groups, substituted and unsubstituted -N(H)-C(-0)-alkyl 
groups, substituted and unsubstituted -N(H>-C(=0)-Iieterocyclyl groups, 
substituted and unsubstituted -N(H)-C(=0)-heterocyclylall<yl, substituted and 
unsubstituted -N(alkyl)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heteiocydylalkyl, -C(=0)-NH2, substKuted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted -C(=0)-N(alkyl)2 
groups, substituted and unsubstituted -C(=0)-N(H)(heterocyclyl) groups, 
substituted and unsubstituted -C(=0)-N(alkyl)(heterocyolyl) groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocyclylalkyl) groups, or 
substituted and unsubstituted -C(=0)-N(alkyl)(lieterocyclylalkyl) groups; or R® 
may be absent if B is nitrogen; or may be absent if C is nitrogen. 

[0339] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject. A, B, C, and D are all carbon. 

[0340] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a btological condition mediated by Lck 
activity In a subject, one of A or D is nitrogen, and B and C are both carbon. 

[0341] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a bk)logical condition mediated by Lck 
activity in a subject, selected from -H, substituted and unsubstituted 
straight or branched chain alkyi groups having from 1 to 8 cart)ons, 
substituted and unsubstituted cycloalkyi groups, substituted and unsubstituted 
heterocydyl groups, substituted and unsubstituted hetero(^ylalkyl groups, or 
substituted and unsubstituted heterocyclyloxy groups. 

[0342] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R* is selected from -H, aminoalkyt groups, 
alkylaminoalkyi groups, dialkylaminoalkyt groups, substituted and 
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unsubstituted saturated heterocydyl groups, or substituted and unsubstituted 
heterocyclylalkyi groups wherein the heterocydyl moiety is saturated. In some 
such embodiments, is selected from quinudidinyl groups, piperidinyl 
groups, N-all^piperidinyl groups, piperidinylaikyi groups, pyrrolidinyl groups, 
or pynrolidinyialkyl groups. In other such embodiments, -H. 

[0343] in some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R^ and are independentiy selected from -H or -F. In 
some such embodimerits, R^ is -H. 

[0344] In some embodiments of the metfiod of inhibiting Lck in a 
subject and/or the metiiod of treating a biological condition mediated by Lck 
activity in a subject, R^ is selected from -H, -F, -CI, -Br, -I, or substituted and 
unsubstituted straight or branched chain alkyl groups having from 1 to 4 
carbons. In some such embodiments, R^ is selected from -H, -F, -CI, -Br, and 
methyl. In ottier such embodiments, R^ is selected from -H, -CI, and -Br. In 
still other such embodiments, R^ is -H. 

[0345] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R^ is -H. 

[0346] In some embodiments of the method of inhibiting Lck in a 
subject and/or the mettiod of treating a biological condition mediated by Lck 
activity in a subject, R"* is -H. 

[0347] In some embodiments of the rnethod of inhibiting Lck in a 
subject and/or the metiiod of treating a biological condition mediated by Lck 
activity in a subject, A is carbon and R^ is -H; or D is cart>on and R^ is -fi. In 
some such embodiments, both A and D are carbon and both R^ and R^ are - 
H. 



wo 2004/018419 



PCTAJS2003/025990 



-203- 

[0348] In some embodiments of the method of inhibKing Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, and are independently selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyi groups having from 1 to 8 cart)on 
atoms, substituted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocyclyialkyi groups, -NH2, substituted and unsubstituted 
-N(l-I)(alkyl} groups, substituted and unsubstituted -N(alkyl)2 groups, 
substituted and unsubstituted -N(H)(heterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclyl) groups, substituted and unsubstituted ^ 
-N(H)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-C(=0)-heterocyclyl groups, substituted and unsubstituted 
-N(aIkyi)-C{=0)-heterocyclylalkyl, substituted and unsubstituted 
-N(alkyl)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclyl groups, or substituted and unsubstituted 
-N(alkyl)-C(=0)-heterocyclylalkyl; or R^ may be absent If B is nitrogen; or R^ 
may be absent if C is nitrogen. 

[0349] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R® and R^ are independently selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyl groups having from 1 to 8 cartx)n 
atoms, substituted and unsubstituted heterocyclyl groups, substituted and 
unsubstituted heterocydylalkyl groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, or substituted and unsubstituted 
-N(alkyl)-C(=0)-alkyl groups; or R® may be absent if B is nitrogen; or R^ may 
be absent if C is nitrogen. 

[0350] In some embodiments of the meUiod of inhibiting Lck In a 
subject and/or tine method of treating a biological condition mediated by Lck 
activity in a subject, R® and R^ are independentiy selected from -H, -F, -CI, 
-Br, -I, substituted and unsubstituted alkyl groups having from 1 to 8 carbon 
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atoms, substituted and unsubstituted saturated heterotyclyl groups, 
substituted and unsubstituted -N(alkyl)(heterocyclyl) groups, wherein the 
heterocyclyl moiety is saturated, substituted and unsubstituted 
-N(all<yl)-C(=0)-alkyl groups; or may be absent if B is nitrogen; or R'^ may 
be absent if C is nitrogen. In some such embodiments, R® and R^ are 
independentiy selected from -H, -F, or -CI; or R^ may be absent if B is 
nitrogen; or R^ may be absent if C is nitrogen. In other such embodiments, B 
is carbon and R^ is -H; or C is carbon and R^ is -H. 

[0351] In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R® and R^ are independentiy selected from substituted 
and unsubstituted piperazinyl groups, substituted and unsubstituted 
morpholinyl groups, substituted and unsubstituted pyn^olidinyl groups, 
substituted and unsubstituted -N(alkyl)(piperidinyl) groups, or substituted and 
unsubstituted -N(aikyl)-C(=0)-aikyl groups; or R^ may be absent if B is 
nitrogen; or R^ may be absent if C Is nitrogen. 

[0352] In some embodiments of the metiiod of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R^ and R^ are independentiy selected from 4- 
alkylpiperazin-1-yl groups, 4-alkyl-2-alkyl-pipera2in-1-yl groups, 4-alkyl-3- 
alkylpiperazin-1-yl groups, morpholin-4-yl groups, 2-dialkylaminoalkyl-5- 
alkylmorpholin-4-yl groups, 3-dialkylaminopyrrolidin-1-yl groups, 3- 
dialkylaminoalkylpyrrolidin-1-yl groups, -N(alkyl)(1-alkylpiperidinyl) groups, or 
-N(alkyl)-C(=0)-alkyl groups; or R® may be absent if B is nitrogen; or R^ may 
be absent if C is nitrogen. 

[0353] In some embodiments of the mettipd of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, R^ and R^ are independentiy selected from 4- 
methylpiperazin-l-yl groups, 4-ethylpiperazin-1-yl groups, 4- 
isopropylpiperazin-l-yl groups, 4-methyl-2-methylplperazin-1-yl groups, 4- 
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ethyl-2-methylpiperazin-1-yl groups, 4-isopropyl-2-methylpiperazin-1-yl 
groups, 4-cyclobutyl-2-methylpipera2in-1-yf groups, 4-methyl-3- 
methylpiperazin-l-yl groups, morpholin-4-yl groups, 2-dimethylaminomethyl-5- 
methylmorpholin-4-yl groups, 3-dimethylaminopynrolidin-1-yl groups, 3- 
dimethylaminomethylpyrrolidin-1-yl groups, -N(methyl)(1-methylpiperidin-4-yl) 
groups, or -N(methyl)-C(=0)-methyl groups; or R® may be absent if B is 
nitrogen; or may be absent if C is nitrogen. 

[0354] In some embodiments of the method of Inhibiting Lcic in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, the IC50 value of the compound is less than or equal to 10 
liM with respect to Lck. In other such embodiments, the IC50 value is less than 
or equal to 1 ^M, is less than or equal to 0.1 ^M, is less than or equal to 0.050 
)iM, is less than or equal to 0.030 yM, is less than or equal to 0.025 ^M, or is 
less than or equal to 0.010 fiM. 

[03551 In some embodiments of the method of inhibiting Lck in a 
subject and/or the method of treating a biological condition mediated by Lck 
activity in a subject, the subject is a mammal or is a human. 

[0356] In some embodiments of the method of treating a biological 
condition mediated by Lck activity in a subject, the biological condition is an 
autoimmune disease, and in some such embodiments the biological condition 
is rheumatoid arthritis or systemic lupus erythematosus. In other such 
embodiments, the biological condition is organ transplant rejection. 

Methods Relating to Tie-2 

[0357] In some embodiments of the method of Inhibiting a tyrosine 
kinase in a subject and/or the method of treating a biological condition 
mediated by tyrosine kinase activity in a subject using a compound of 
Structure I, a tautomer of the compound, a pharmaceutically acceptable salt 
of the compound, a phanrnaceutically acceptable salt of the tautomer, or 
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mixtures thereof, the tyrosine kinase is Tie-2. In some such methocte, the Tie- 
2 Is inhibited in the subject after administration. In methods of inhibiting Tie-2, 
Structure I has the following fonmula: 




I 

where. 

A, B, C, and D are independently selected from carbon or 
nitrogen; 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2. substituted and 
unsubstituted alkyi groups having from 1 to 12 cartx)n atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocydyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, ,-SH, substituted and unsubstituted -S- 
alkyI groups, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocyclylalkoxy groups, -NH2, 
substituted and unsubstituted -N(H)(alkyl) groups, substituted 
and unsubstituted -N(alkyl)2 groups, substituted and 
unsubstituted -N(HXheterocyclyl) groups, substituted and 
unsubstituted '-N(alkyl)(heterocyclyl) groups, substituted and 
unsubstituted *N(alkyl)(heterocyclylalkyl) groups, substituted and 
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unsubstituted -N(heteroc^clyl)2 groups, substituted and 
unsubstituted *N(H)-C(=0)-alkyl groups, substituted and 
unsubstituted -N(H)-S(=0)ralkyl groups, substituted and 
unsubstituted -C(=0)-alkyl groups, substituted and unsubstituted 
-C(=0>-heterocyclylalkyl groups, -C(=0)-NH2, substituted and 
unsubstituted •C(=0>-N(H)(alkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)(lieterocyclyl) groups, substituted 
and unsubstituted -C(=0)-N(heterocyclyl)2 groups, substituted 
and unsubstituted -C(=0)-N(H)(heterocyclylallcyl) groups, 
substituted and unsubstituted -C(=0)-N(ail<yl)(lieterocyclylalkyl) 
groups, substituted and unsubstituted 
-C(=0)-N(heterocyclyialkyl)2 groups, -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, substituted and 
unsubstituted -C(=:0>-0-heterocyclyl groups, or substituted and 
unsubstituted -C(=0>-0-heterocyclylallcyl groups; 

is selected from -H, -F, -CI, -Br, -I, -CN, -NO2, substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carix>n atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyi groups, substituted and 
unsubstituted heterocydyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, -OH, substituted and unsubstituted 
alkoxy groups, substituted and unsubstituted heterocyclyloxy 
groups, substituted and unsubstituted heterotyclylalkoxy 
groups,-SH, substituted and unsubstituted -S-alkyI groups, 
-CO2H, -C{=0)-NH2, substituted and unsubstituted 
-C(=0)-N(H)(alkyl) groups, substituted and unsubstituted 
-C(=0)-N(alkyl)2 groups, substituted and unsubstituted 
-C(=0)-N(H)(heterocyclyl) groups, substituted and unsubstitajted 
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-C(=0)-N(HXheterocyclylalkyl) groups, substituted and 
unsubstrtuted -C(=0>-0-alkyl groups, substituted and 
unsubstituted -C(=0)-0-heterocydyl groups, substituted and 
unsubstituted -C(=0)-0heterocyclylalkyl groups, substituted 
and unsubstituted •C(=0>'alkyl groups, substituted and 
unsubstituted -C(=0)-heterocyclylalkyl groups, -NH2, substituted 
and unsubstituted -N(H)(alkyl) groups, substituted and 
unsubstituted -N(H)(aryl) groups, substituted and unsubstituted 
-N(H)(lieterocydyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted and unsubstituted 
-N(alkyl)(heterocyclylalkyl) groups, substituted and unsubstituted 
-N(alkyl)2 groups, substituted and unsubstituted 
-N(lieterocyclyl)2 groups, substituted and unsubstituted 
-N(H)-C(=0>-aikyl groups, or substituted and unsubstituted 
-N(H)-S(=0)-alkyl groups; or and may join together to fomi 
a cyclic group; 

and R* are Independently selected from -H or substituted 
and unsubstituted straight and branched chain alkyi groups 
having from 1 to 8 carbon atoms; 

R^ is selected from -H, -F, -CI, -Br, -I, or substituted and 
unsubstituted straight and branched chain alky! groups having 
from 1 to 8 carbon atoms; or R^ may be absent if A is nitrogen; 

R® is selected from -H, -F, -CI, -Br, -I. -CN, -NO2, substituted and 
unsubstituted alkyI groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups ha>dng from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstituted aralkyl groups, substituted and 
unsubstrtuted heterocyclyl groups, substituted and unsubstituted 
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heterocydylalkyi groups. -SH. substituted and unsubstituted -S- 
alkyi groups, substituted and unsubstituted .S(=0)2^Ikyl 
groups, substituted and unsubstituted -S(=OVaIkyl groups, 
substituted and unsubstituted .S(=0)rheterocyclyl groups, 
substituted and unsubstituted -S(=OVa«kyl groups, substrtuted 
and unsubstituted -S(=OHieterocydyl groups. .S(=0)2-NH2. 
substituted and unsubstituted -S(=0)rN(H)(alkyl) groups, 
substituted and unsubstituted -S(=0)rN(alkyl)2 groups. -OH. 
substituted and unsubstituted alkoxy groups, substituted and 
unsubstituted heterocyclytoxy groups, substituted and 
unsubstituted heterocyclyialkoxy groups. -NH^. substituted and 
unsubstituted .N(H)(alkyl) groups, substituted and unsubstituted 
-N(HXaryt) groups, substituted and unsubstituted 
-N(H)(heterocydyl) groups, substituted and unsubstituted 
.N(alkylXheterocycIyI) groups, substituted and unsubstituted 
-NCalkyrXheterocyciylalkyl) groups, substituted and unsubstituted 
-N(aIkyD2 groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubstituted 
-N(H>C(=0>alkyl groups, substituted and unsubstituted 
-N(HHJ(=OVheterocyclyl gn^ups. substituted and unsubstituted 
-N(aIkyl)-C(=0>alkyl groups, substituted and unsubstituted 
-N(alkyl>C(=OHieterocyclyl groups, substituted and 
unsubstituted -N(H>^(=0>alkyI groups, substituted and 
unsubstituted .N(H>S(=0)-heterocyclyl groups, substituted and 
unsubstituted .N(alkyl)-S(=0)^lkyl groups, substituted and 
unsubstituted .N(alkyl)-S(=0>heteiocyclyI groups, substituted 
and unsubstituted -C(=0)-alkyl groups, substituted and 
unsubstituted -C(=0)-heterocycIylalkyl groups -C(=OVNH2. 
substituted and unsubstituted -C(=OhN(H)(alkyl) groups, 
substituted and unsubstituted -C(=0)-N(alky!)2 groups, 
substituted and unsubstituted -C(=0)-N(H)(heterocyclyl) groups. 
^(=OVN(H)(hete,ocydylalkyI) groups. -CO2H. substituted and 
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unsubstituted -C(=0)-0-aIkyl groups, substituted and 
unsubstituted -C(=0)-0-heterocydyl groups, or substituted and 
unsubsfrtuted -C(=0>O-heterocydylalkyl groups; or R« may be 
absent if Bis nitrogen; 

is selected from -H. -F, -CI, -Br. -I. -CN. -NO2. substituted and 
unsubstituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted alkenyl groups having from 1 to 12 
carbon atoms, substituted and unsubstituted aryl groups, 
substituted and unsubstftuted aralkyi groups, substituted and 
unsubstituted heterocyclyl groups, substituted and unsubstituted 
heterocydylalkyl groups, -SH, substituted and unsubstituted -S- 
alkyl groups, -OH, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted heterocydyloxy groups, 
substituted and unsubstituted heterocyclylalkoxy groups, -NH2. 
substituted and unsubstituted -N(H)(alkyI) groups, substituted 
and unsubstituted -N(H)(aryl) groups, substituted and 
unsubstituted -N(HXheterocyclyl) groups, substituted and 
unsubstituted -N(alkylKheterocyclyl) groups, substituted and 
unsubstituted -N(alkyl)(heterocyclylalkyl) groups, substituted and 
unsubstituted -N(alkyl)2 groups, substituted and unsubstituted 
-N(heterocyclyl)2 groups, substituted and unsubsfrtuted 
-N(H)-C(=0)-alkyl groups, substituted and unsubstituted 
-N(H)-S(=0)2-alkyl groups, substituted and unsubstituted 
-C(=0)-alkyi groups, substrtuted and unsubsfrtuted 
-C{=0)-heterocyclyIalkyI groups -C(=0)-NH2, substituted and 
unsubsfrtuted -C(=0>N(HXalkyl) groups, substituted and 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted and 
unsubstituted -C(=0)-N(H)(heterocyclyl) groups, 
^(=0)-N{H)(heterocyclylalkyl) groups. -CO2H, substituted and 
unsubstituted -C(=0)-0-alkyl groups, substrtuted and 
unsubstituted -C(=0)-0-heterocydyl groups, or substituted and 
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unsubstltuted -C(=0)-0-heterocyclylalkyl groups; or may be 
absent if C is nitrogen; 

is selected from -H, substituted and unsubstituted alkyl 
groups having from 1 to 12 carbon atoms; or R^ may be absent 
if D is nitrogen; 

R^ is selected from -H, substituted and unsubstituted alkyl 
groups having from 1 to 12 carbon atoms, substituted and 
unsubstituted alkenyl groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted aryl groups, substituted and 
unsubstituted aralkyi groups, substituted and unsubstituted 
heterocyclyl groups, substituted and unsubstituted 
heterocyclylalkyi groups, substituted and unsubstituted alkoxy 
groups, substituted end unsubstituted heterocyclyloxy groups, 
-NH2, or substituted and unsubstituted heterocyclylaminoalkyi; or 
R® and R^° join together to fonn a ring having 5, 6, or 7 ring 
members; and 

R^^is--H. 

[0358] In some embodiments of the method of inhibiting Tle-2 in a 
subject and/or tiie metiiod of treating a biological condition mediated by Tie-2 
activity in a subject, 

R^ is selected from -H, -F, -CI, -Br, -I, substituted and 
unsubstituted alkyl groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted heterocyclyl groups, substituted 
and unsubstituted heterocyclylalkyi groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy groups, or substituted and unsubstituted 
heterocyclylalkoxy groups; 
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r2 is selected from -H, -F, -CI, -Br, -I, substituted and 
unsut}stituted alkyi groups having from 1 to 12 carbon atoms, 
substituted and unsubstituted (^doalkenyi groups, substituted 
and unsut)strtuted aryt groups, substituted and unsubstituted 
heterocyclyl groups, -OH, substituted and unsubstituted alkoxy 
groups, substituted and unsubstituted heterocyclyloxy groups, 
substituted and unsubstituted heterocydylalkoxy groups; 

is selected from -H, substituted and unsubstituted alkyI 
groups having from 1 to 8 carbon atoms, substituted and 
unsubstituted heterocyclyl groups, -OH, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted 
heterocyclyloxy, substituted and unsubstituted 
heterocydylalkoxy, substituted and unsubstituted -N(HXaikyl) 
groups, substituted and unsubstituted -N(H)(heterocydyl) 
groups, or substituted and unsubstituted -N(alkyi)(heterocyclyl) 
gnxips; or may be attsent if B is nitrogen: 

R^ is selected from -H, -CI, -F, -Br. substituted and unsubstituted 
alkyI groups having from 1 to 8 carbon atoms, -OH, substituted 
and unsubstituted alkoxy groups, substituted and unsubstituted 
heterocydyl groups, substituted and unsubstituted -N(H)(alkyl) 
groups, substituted and unsubstituted -N(H)(heterocydyl) 
groups, or substituted and unsubstituted -N(alkyl)(heterocyclyl) 
groups,; or R' may be absent if C is nitrogen. 

[0359] In some embodiments of the metiiod of hhibiti'ng Tie-2 in a 
subject and/or ttie metiiod of treating a btological conditton mediated by Tie-2 
activity in a subject, A, B, C, and D are all carbon. 
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[0360] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject, one of A or D is nitrogen, and B and C are both carbon. 

[0361] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a bblogical condition mediated by Tie-2 
activity in a subject, is selected from -H, substituted and unsubstituted 
cydoalkyl groups, substituted and unsubstituted alkoxy groups, substituted 
and unsubstituted heterocyclyl groups, substituted and unsubstituted 
heterocyclytalkyi groups, substituted and unsubstituted heterocydylalkoxy, 
-NHz, or substituted and unsubstituted heterocyclylaminoalkyi groups. 

[0362] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological conditfon mediated by Tle-2 
activity in a subject, is selected from -H, substituted and unsubstituted 
saturated heterocyclyl groups, substituted and unsubstituted heterocydylalkyl 
groups v\^erein the heterocyclyl moiety Is saturated, substituted and 
unsubstituted alkoxy groups, substituted and unsubstituted heterocydylalkoxy 
groups wherein tiie heterocydyl moiety is saturated, or substituted and 
unsubstituted heterocydylamlnoalkyi groups wherein the heterocydyl moiety 
Is saturated. 

[0363] In some embodiments of tiie metiiod of Inhibiting Tle-2 in a 
subject and/or tiie metiiod of treating a biological condition mediated by Tie-2 
activity in a subject, R' is selected from -H, substituted and unsubstituted 
cydoalkyl groups, substituted and unsubstituted saturated heterocydyl 
groups, or substituted and unsubstituted alkoxy groups. In some sudi 
embodiments, R® is selected from -H or quinudidinyl. In other such 
emtxxiiments, R° is -H. 

[0364] In some embodiments of tiie metiiod of inhibiting Tie-2 In a 
subject and/or tiie metiiod of ti^ating a biological condition mediated by Tie-2 
activity in a subject. R^ is selected from -H. -F. -CI,-OCH3 substituted and 
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unsubstituted piperidinyloxy groups, substituted and unsubstituted 
piperidinylalkoxy groups, substituted and unsubstituted morpholinyfoxy 
groups, or substituted and unsubstituted morpholinylallcoxy groups. In some 
such embodiments, is selected from -H or-CL In other such 
embodiments, is -H. 

[0365] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject, R^ is selected from -H, -F, -CI, -Br, -I, -CH3, substituted 
and unsubstituted pyridinylallcoxy groups. 

[0366] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject, R^ is -H. 

[0367] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject. R^ is -H. 

[0368] in some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject; R* is -H. 

[0369] In some embodiments of the metiiod of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject, R^ is -i-l or is absent if A is nitrogen. 

[0370] In some embodiments of the method of Inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity in a subject, R® is selected from -H, substituted and unsubstituted 
morpholinyl groups, substituted and unsubstituted morpholinyialkoxy groups, 
substituted and unsubstitijted pynrolidinyt groups, substituted and 
unsubstituted pyrrolidinylall^oxy groups, substituted and unsubstituted 
piperidinyl groups, substituted and unsubstituted piperidinyloxy groups. 
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substituted and unsubstHuted piperazinyl groups, or substituted and 
unsubstituted -S(=0)2^^(alkyl)2 groups; or may be absent V B is nitrogen. 

P371] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a bfological condition mediated by Tie-2 
activity in a subject, is selected from -H, -F, -CI, substituted and 
unsubstituted morpholinyl groups, substituted and unsubstituted pyridinylallcyl 
groups, or substituted and unsubstituted pipera23nyl groups; or may be absent 
if C is nitrogen. 

[0372] In some embodiments of the method of inhibrting Tie-2 in a 
subject and/or the method of treating a biological condiUon mediated by Tie-2 
activity in a subject, is -H or Is absent if D is nitrogen. 

[0373] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
activity In a subject, the IC50 value of the compound Is less than or equal to 10 
iiM with respect to Tie-2. In other such embodiments, the IC50 value is less 
than or equal to 1 iM, is less than or equal to 0.1 mM, is less than or equal to 
0.050 mM, is less than or equal to 0.030 nM, is less than or equal to to 0.025 
liM, or is less than or equal to to 0.01 0 \jM. 

[0374] In some embodiments of the method of inhibiting Tie-2 in a 
subject and/or the method of treating a biological condition mediated by Tie-2 
acbvity in a subject, the subject is a mammal or is a human. 

[0375] in some embodiments of the method of treating a biological 
condition mediated by Tie-2 activity in a subject, the biological condition is 
cancer. 

[0376] In some embodiments of the method of treating a biological 
condition mediated by serinerthreonine kinase or tyrosine Idnase activity in a 
subject, the compound, the tautomer. the phamiaceutically acceptable salt of 
the compound, the phannaceutically acceptable salt of the tautomer. or 
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mixtures thereof, is a component of a phannaceutical fonnuiation or a 
medicament that includes a pharmaceutically acceptable canfer. In some 
such emlx5diments the serine/threonine kinase or tyrosine Idnase activity is 
selected from FLT-1 , VEGFR2. VEGFR3, FGFR1, GSK-3. Cdk2, NEK-2, 
CHK1. Rsk2. PAR-1. Cdc2, c-Kit. c-ABL. p60src, FGFR3, FLT-3. Fyn, Lck, 
Tie-2, PDGFRa. or PDGFRp activity. In other such embodiments, the 
serine/threonine kinase or tyrosine kinase activity is selected from GSK-3, 
Cdk2. CHK1. Rsk2, PAR-1, Cdc2, c-KIt, c-ABL, p60src, FGFR3. VEGFR3, 
PDGFRa, PDGFRp, FLT-3, Fyn, Lck, or Tie-2 activity. In another such 
embodiment the serine/ttireonine kinase activity is CHK1 activity. 

[0377] In otiier aspects, the invention provides compounds of Structure 
I, tautomers of tiie compounds, phamnaceutically acceptable salts of the 
compounds, pharmaceutically acceptable salts of the tautonriers, and mixtures 
thereof. The invention also provides compounds having any of the R^ through 
values described in tiie various embodiments described above. 

[0378] The invention further provides tiie use of the compounds of 
Structure I, tautomers of tiie compounds, pharmaceutically acceptable salts of 
the compounds, phamfiaceutically acceptable salts of the tautomers, and 
mixtures thereof in the preparation of medicaments, and in treatment of 
bfological conditions mediated by FLT-1, VEGFR2, VEGFR3, FGFR1, GSK-3, 
Cdk2, NEK-2, CHK1, Rsk2, PAR-1, Cdc2, o^<it, o^BL, p60src, FGFR3, FLT- 
3, Fyn, Lck, Tie-2, PDGFRa, or PDGFRp activity. 

[0379] The present invention furUier provkles mettiods of inhibiting 
GSK-3 and treating biotogicai conditions mediated by GSK-3 in a subject 
using a compound of Structure IB. The invention also provides the use of a 
compound of Structure IB in preparing a medicament for use in inhibiting 
GSK-3 in a subject and/or for use in treating a biological condition mediated 
by GSK-3. In one aspect, a method of inhibiting GSK-3 or treating a biological 
condition mediated by GSK-3 includes administering to the subject a 
compound of Structure IB, a tautomer of ttie compound, a phannaceutically 
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acceptable salt of the compound, a pharmaceutically acceptable salt of the 
tautomer, or mixtures thereof. The invention further provides methods of 
inhibiting any of the other kinases described herein and methods of treating 
any of the biological conditions mediated by such kinases using the 
compounds of Structure IB. In some embodiments. GSK-3 is inhibited in the 
subject after administration. Stmcture IB has the following fomnula: 



A, B, C, and D are independently selected from carbon or 
nitrogen; 

W, X. Y, and Z are independently selected from the group 
consisting of carbon and nitrogen and at least one of W. X. Y. 
and Z is a nitrogen; 

is selected from -H. -F. -CI, -Br, -I, substituted or 
unsubstituted stra'^ht or branched chain alkyi groups having 
from 1 to 8 cart)on atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms. 
-CN, -NO2, -OH, -SH, substituted or unsubstituted alkoxy 
groups, substituted or unsubstituted -S-alkyI groups, substituted 
or unsubstituted -S(=0)2-0-alkyl groups, substituted or 
unsubstituted -S(=0)ralM groups, substituted or unsubstituted 




IB 



where: 
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-S(=0)-alkyl groups, *S(=0>-NH2, substituted or unsubstituted 
-S(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(alkyl)2 groups. ^(=0)-NH2, substituted or 
unsubstituted -C(=0)-N{H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-0-alkyl groups, -NH2, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H>-C(=0)-alkyl 
groups, or substituted or unsubstituted -N(H)-S(=0>-alkyl 
groups; or may be absent if W is nitrogen; 

r2 Is selected -H, -F, -CI. -Br, -I, -NO2, -CN. -NH2, -CO2H, -OH, 
substituted or unsubstituted straight or branched chain alkyi 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted cycloalkenyl groups, substituted or unsubstituted 
cycloalkyi groups, substituted or unsubstituted alkoxy groups, 
substituted or unsubstituted -N(H)(alkyl) groups, substituted or 
unsubstituted -N(alkyl)2 groups, substituted or unsubstituted 
heterocyclyl groups, substituted or unsubstituted aryl groups, 
substituted or unsubstituted alkenyl groups having from 1 to 8 
carbon atoms, substituted or unsubstituted alkynyl groups 
having from 1 to 8 carbon atoms, -SH, substituted or 
unsubstituted -S-alkyI groups, substituted or unsubstituted 
-S(=0)2-0-alkyl groups, substituted or unsubstituted 
-S(=0)ralkyl groups, substituted or unsubstituted 
-S(=0)rheterocyciyl groups, substituted or unsubstituted 
-S(=0>-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0)-NH2, substi'tuted or 
unsubstituted -S(=0)-N(i-1)(alkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted 
or unsubstituted -C(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
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unsubstituted -C(=0)-alkyl groups, substituted or unsubstituted 
-C(=0)-heterocyciyl groups, substrtuted or unsubstituted 
-C(=0)-0-alkyl groups, substituted or unsubstituted 
-N(H)-C(=0)-alkyl groups, substituted or unsubstituted 
-N(H)-C(=0)-heterocyclyl groups, substituted or unsubstituted 
-N(H)-S(=0)-alkyl groups, substituted or unsubstituted 
-N(H)-S(=0)-heterocyclyl groups, -N(alkyl)-C(=0>-aikyl groups, 
substituted or unsubstituted -N(alkyl)-C(=0)-heterocyclyl groups, 
substituted or unsubstituted -N(alkyl)-S(=0)-alkyl groups, 
substituted or unsubstituted -N{alkyl)-S(=0)-heterocyclyl groups, 
-N(H)-C(=0)-NH2, substituted or unsubstituted 
-N{H)-C(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-N{H)-C(=0)-N(alkyl)2 groups, "N(alkyl)-C(=0)-NH2, substituted 
or unsubstituted -N{alkyl)-C(=0)-N(H)(alkyl) groups, or 
substituted or unsubstituted -N(alkyl)-C(=0)-N(alkyl)2 groups; or 

and may join together to form a cyclic group when X and 
Y are both carbon; or R^ may be absent if X is nitrogen; 

R^ is selected from -H, -F, -CI, -Br, -I, -OH, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkoxy 
groups, -CO2H, -CN, substituted or unsubstituted -N(H)(alkyl) 
groups, substituted or unsubstituted -N(H)(cycloalkyl) groups, 
substituted or unsubstituted -N(alkyl)2 groups, substituted or 
unsubstituted heterocyclyl groups, substituted or unsubstituted 
aryl groups, substituted or unsubstituted -C(=0)-heterocyclyl 
groups, substituted or unsubstituted -C(=0>-alkyl groups, 
substituted or unsubstrtuted -C(=0)-N(H)(alkyl) groups, 
substituted or unsubstituted -C(=0)-N(alkyl)2 groups, 
-C(=0)-NH2 groups, substituted or unsubstituted 
-C(=0)-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-C(=0)-N(H)(aryl) groups, substituted or unsubstituted alkenyl 
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groups having from 1 to 8 carbon atoms, substituted or 
unsubsfrtuted alkynyi groups having from 1 to 8 carbon atoms, 
-NQ2. -SH, substituted or unsubsfrtuted -S-alkyI groups, 
substituted or unsubstituted -S(=0)rO-allcyl groups, substituted 
orunsubstituted -S(=0)2-alkyl groups, substituted or 
unsubstituted -S(=0)rheterocydyl groups, substituted or 
unsubstituted -S(=0>alkyl groups, substituted or unsubstituted 
-S{=0)-heterocyclyl groups, -S{=0)-NH2, substituted or 
unsubstituted -S(=0>-N{H){alkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-0-alkyl groups, -NH2, substituted or 
unsubstituted -N(H)-C{=0)-alkyl groups, substituted or 
unsubstituted -N(H)-C(=0>-heterocyclyl groups, substituted or 
unsubstituted -N(H)-S(=0>-alkyl groups, substituted or 
unsubstituted -N(H)-S(=0)-heterocyclyl groups, substituted or 
unsubstituted -N(alkyl)-C(=0)-alkyl groups, substituted or 
unsubstituted -N(alkyl)-C(=0>'heterocyclyl groups, substituted or 
unsubstituted -N(alkyl)-S(=0)-alkyl groups, substituted or 
unsubstituted -N(alkyl)-S(=0)-heterocyciyl groups, 
-N(H)-C(=0)-NH2, substituted or unsubsfrtuted 
-N(H)-C(=0)-N(H)(alkyl) groups, substituted or unsubsfrtuted 
-N(H)-C(=0)-N(alkyl)2 groups, -N(alkyl)-C(=0)-NH2, substituted 
or unsubsfrtuted -N(alkyl)-C(=0)-N(H)(a!kyl) groups, or 
substituted or unsubstituted -N(alkyl)-C(=0)-N(alkyl)2 groups; or 

and may join togetfier to fonm a cyclic group when X and 
Y are botii carbon; or R^ may be absent if Y is nitrogen; 

R* is selected from of -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyi groups having from 1 to 8 carbon atoms, 
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-CN, -NQ2, -OH. -SH, substituted or unsubstituted aWmxy 
groups, substituted or unsubstituted -S-all<yl groups, substituted 
or unsubstituted -S(=0)2-0-all<yl groups, substituted or 
unsubstituted -S(=0)2-alkyl groups, substituted or unsubstituted 
-S(=b>-alkyl groups, -S(=0)-NH2, substituted or unsubstituted 
-S(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(all<yl)2 groups, -C(=0)-NH2, substituted or 
unsubstituted -C(=0>N(H)(ail<yl) groups, substituted or 
unsubstituted -C{=0)-N(alkyl)2 groups, substituted or 
unsubsti'tijted -C{=0)-0-alkyl groups, -NH2, substituted or 
unsubstituted -N{H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, or substituted or unsubstituted -N(IH)-S(=0)-alkyl 
groups; or may be absent if Z is nitrogen; 

R® is selected from -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branciied chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted 
heterocydyl groups, substituted or unsubstituted alkenyl groups 
having from 1 to 8 carbon atoms, substituted or unsubstituted 
alkynyl groups having from 1 to 8 carbon atoms, -CN, -NO2, 
-OH, -SH, subst'rtuted or unsubstituted alkoxy groups, 
substituted or unsubstituted -S-alkyI groups, substituted or 
unsubstituted -S(=0)2-0-alkyl groups, substituted or 
unsubstituted -S(=0)2-alkyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, -S(=0>-NH2, substituted or unsubstituted 
-S(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(alkyl)2 groups. -C{=0)-NH2. substituted or 
unsubstituted -C(=0>-N(HXaikyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyi)2 groups, substituted or 
unsubstituted -C(=0>O-alkyi groups. -NH2. substituted or 
unsubstihJted -N(H)(alkyl) groups, substituted or unsubstituted 
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-N(alkyl)2 groups, substituted or unsubstrtuted -N(H>-C(=0)-alkyl 
groups, or substituted or unsubstituted -N(H)-S(=0)-alkyi 
groups; or may be absent if A is nitrogen; 

IS selected from -H, -CI, -F. -Br. -OH, substrluted or 
unsubstituted heterocyclyl groups, substituted or unsubstituted 
-N(H)(alkyl) grcxjps, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted or unsubstituted 
alkoxy groups, substituted or unsubstituted alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubsti'tuted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2. -OH, -SH, substituted or unsubstituted -S-alkyI 
groups, substituted or unsubstituted -S(=0)rO-alkyl groups, 
substituted or unsubstituted -S(=0)2-alkyl groups, substituted or 
unsubstituted -S(=0)2-heterocyclyl groups, substituted or 
unsubstituted -S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S(=0>-NH2, substituted or 
unsubsti'tuted -S(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -S(=0)-N(alkyl)2 groups, -C(=0)-NH2. substituted 
or unsubstituted -C(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -C{=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-alkyl groups, substituted or unsubstituted 
-C(=0)-heterc)cyclyl groups, substitojted or unsubstituted 
-C(=0>-0-alkyl groups, -NH2, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(H)-C(=0)-heterocyclyl 
groups, substituted or unsubstrtuted -N(alkyl)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(alkylKH=0)-heterocyclyl 
groups, substituted or unsubstituted -N(H)-S(=0)-alkyl groups, 
substituted or unsubstituted -N(H)-S(=0)-heterocyclyl groups. 
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substrtuted or unsubstituted -N(alkyl)-S(=0>-alkyl groups, or 
substituted or unsubstituted -N(alkyl)-S(=0)-heterocyciyl groups; 
or may be absent if B is nitrogen; 

is selected from -H, -CI, -F, -Br, -OH. substituted or 
unsubstituted heterocyclyl groups, substituted or unsubstituted 
-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted or unsubstituted 
alkoxy groups, substituted or unsubstituted alkyi groups.having 
from 1 to 8 carbon atoms, substituted or unsubstituted alkenyl 
groups having from 1 to 8 carbon atoms, substituted or 
unsubstituted alkynyl groups having from 1 to 8 carbon atoms, 
-CN, -NO2, -OH, -SH, substituted or unsubstituted -S-alkyI 
groups, substituted or unsubstituted -S(=0)2-0-alkyl groups, 
substituted or unsubstituted -S(=0)2-alkyl groups, substituted or 
unsubstituted -S(=0)2-heterocyclyl groups, substituted or 
unsubstituted -S(=0)-alkyl groups, substituted or unsubstituted 
-S(=0)-heterocyclyl groups, -S{=0)-NH2, substituted or 
unsubstituted •^(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -S(=0>-N(alkyl)2 groups, -C(=0)-NH2, substituted 
or unsubstituted -C(=0>N(H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0)-alkyl groups, substituted or unsubstituted 
-C(=0)-heterocyclyl groups, substituted or unsubstituted 
-C(=0)-0-alkyl groups, -NH2, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H)-C(=0)-alkyl 
groups, substituted or unsubstituted -N(H)-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(alkyl)-C(=0)-aikyl 
groups, substituted or unsubstituted -N(alkyl>-C(=0)-heterocyclyl 
groups, substituted or unsubstituted -N(H>-S(=0>^llcyl groups, 
substituted or unsubstituted -N(H)-8(=0)-heterocydyl groups. 
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substituted or unsubsb'tuted -N(alkyl)-S(=0)-alkyl groups, or 
substituted or unsubstituted -N(alkyl>-S(=0)-heterocydyl groups; 
or may be absent if C is nitrogen; 

R® is selected from -H, -F, -CI, -Br, -I, substituted or 
unsubstituted straight or branched chain alkyi groups having 
from 1 to 8 carbon atoms, substituted or unsubstituted 
heterocyciyi groups, substituted or unsubstituted alkenyl groups 
having from 1 to 8 carbon atoms, substituted or unsubstituted 
alkynyl groups having from 1 to 8 carbon atoms, -CN, -NO2, 
-OH, -SH, substituted or unsubstituted alkoxy groups, 
substituted or unsubstituted -S-alkyI groups, substituted or 
unsubstituted -S(=0)2-0-alkyl groups, substituted or 
unsubstituted -S(=0)2-alkyl groups, substituted or unsubstituted 
-S(=0)-alkyl groups, -S(=0)-NH2, substituted or unsubstituted 
-S(=0>-N(H)(alkyl) groups, substituted or unsubstituted 
-S(=0)-N(alkyl)2 groups, -C(=0)-NH2, substituted or 
unsubstituted -C(=0)-N(H)(alkyl) groups, substituted or 
unsubstituted -C(=0)-N(alkyl)2 groups, substituted or 
unsubstituted -C(=0>-0-alkyl groups, -NH2, substituted or 
unsubstituted -N(H)(alkyl) groups, substituted or unsubstituted 
-N(alkyl)2 groups, substituted or unsubstituted -N(H>-C(=0)'alkyl 
groups, or substituted or unsubstituted -N(H>-S(=0)-alkyl 
groups; or R^ may be absent if D is nitrogen; 

R^ is selected from of substituted or unsubstituted heterocydyl 
groups, substituted or unsubstituted aryt groups, substituted or 
unsubstituted alkoxy groups, -NH2, substituted or unsubstituted 
cycloalkyi groups, or substituted or unsubstituted straight or 
branched chain alkyI groups having from 1 to 8 cartx)n atoms, or 
R® and R^° join togetiier to fonn a ring having 5. 6, or 7 ring 
members; or 
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R^" is -H, or and R^° Join together to form a ring having 5, 6, 
or 7 ring members. 

[0380] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB. a tautomer of the 
compound, a pliannaceutically acceptable salt of the compound, a 
phannaceutically acceptable salt of the tautomer, or mixtures thereof, 

R^ is selected from -H, -F, -CI, -Br, -I, or straight or branched 
chain alkyi groups having from 1 to 8 carbon atoms; or R^ may 
be absent if W is nitrogen 

R^ is selected from -H, -F, -CI, -Br, -I, -NO2. -CN, -NH2, -CO2H, 
-OH, straight or branched chain alkyI groups having from 1 to 8 
caribon atoms, substituted or unsubstltuted cycloalkenyl groups, 
substituted or unsubstltuted cydoalkyl groups, substituted or 
unsubstltuted alkoxy groups, substituted or unsubstltuted 
-N(H){alkyl) groups, substituted or unsubstltuted -N{alkyl)2 
groups, substituted or unsubstltuted heterocyclyl groups, or 
substituted or unsubstltuted aryl groups; or R^ may be absent if 
X is nitrogen; 

R' is selected from -H, -F, -CI. -Br. -I, -OH, straight or branched 
chain alky! groups having from 1 to 8 cart)on atoms, substituted 
or unsubstituted alkoxy groups, -CO2H, -CN, substituted or 
unsubstltuted -N(H)(alkyl) groups, substituted or unsubstltuted 
-N(H)(cycloalkyl) groups, substituted or unsubstltuted -N(alkyl)2 
groups, substituted or unsubstituted heterocyclyl groups, 
substituted or unsubstituted aryl groups, substituted or 
unsubstituted -C(=0)-heterocyclyl groups, substituted or 
unsubstituted -C(=0)-alkyl groups, substituted or unsubstltuted 
-C(=0)-N(H)(alkyl) groups, substituted or unsubstituted 
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-C(=0)-N(alkyl)2 groups, -C(=0)-NH2 groups, substituted or 
unsubstituted -C(=0)-N(HKheterocyciyl) groups, or substituted 
or unsubstituted -C(=0>-N{H)(aryl) groups; or may be absent 
if Yis nitrogen; 

R"* is selected from -H, -F, -CI, -Br, -I, or straight or branched 
chain alkyi groups having from 1 to 8 carbon atoms; or R"* may 
be absent if Z is nitrogen; 

R® is selected from -H, -F, -CI, -Br, -I, straight or branched chain 
alkyl groups having from 1 to 8 carbon atoms, or substituted or 
unsubstituted heterocydyl groups; or R^ may be absent if A is 
nitrogen; 

R® is selected from -H, -CI, -F, -Br, -OH, substituted or 
unsubstituted heterocydyl groups, substituted or unsubstituted 
-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substituted or unsubstituted 
-N(alkyl)(heterocyclyl) groups, substituted or unsubstituted 
alkoxy groups, or substituted or unsubstituted alkyl groups 
having from 1 to 8 carbon atoms; or R® may be absent if B is 
nitrogen; 

R^ is selected from -H, -CI, -F, -Br, -OH, substituted or 
unsubstituted heterocydyl groups, substituted or unsubstituted 
-N(H)(alkyl) groups, substituted or unsubstituted 
-N(H)(heterocyclyl) groups, substi'tojted or unsubstituted 
-N(alkyl)(heterocydyl) groups, substituted or unsubstituted 
alkoxy groups, or substituted or unsubstituted alkyl groups 
having from 1 to 8 carbon atoms; or R^ may be absent if C is 
nitrogen; and 

R® is selected from -H, -F, -CI, -Br. -I, straight or branched chain 
alkyl groups having from 1 to 8 carbon atoms, or substituted or 
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unsubstituted heterocyclyl groups; or may be absent if D is 
nitrogen. 

[0381] In some embodiments of the method of inhibiting GSK-3 using a 
compound of Structure IB, a tautomer of the compound, a phamiaceuticaily 
acceptable salt of the compound, a pharmaceutically acceptable salt of the 
tautomer, or mixtures thereof, A, B, C, and D are all carbon. In some such 
embodiments. is -H, R* is -H. R^ is -H. and R® is -H 

[0382] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phannaceutically acceptable salt of the compound, a 
phamiaceuticaily acceptable salt of the tautomer, or mixtures thereof, one of 
A or D is nitrogen, and B and C are both carbon. 

[0383] In some embodiments of the method of Inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phannaceuticaily acceptable salt of the compound, a 
phanmaceutically acceptable salt of the tautomer, or mixtures thereof, W is 
nitrogen. In some such embodiments, X, Y, and Z are all carbon. 

[0384] In sonie embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a pharmaceutically acceptable salt of the compound, a 
pharmaceutically acceptable salt of the tautomer, or mbrtures thereof, X is 
nitrogen. In some such embodiments, W, Y, and Z are all carbon. 

[0385] In some embodiments of the method of inhibiting GSK-3 In a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phannaceuticaily acceptable salt of the compound, a 
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pharmaceutically acceptable salt of the tautomer, or mixtures thereof. Y is 
nitrogen. In some such emtxxJiments, W, X, and Z are all cartx)n. 

[0386] In some embodiments of the method of inhibiting GSK-3 in a 
subjed and/or the method of treating a biological condition mediated by 6SK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phanmaceuticaily acceptable salt of the compound, a 
phanmaceutically acceptable sialt of the tautomer, or mixtures thereof, Z is 
nitrogen. In some such embodiments, W, X, and Y are all carbon. 

[0387] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Stmcture IB, a tautomer of the 
compound, a phamiaceutically acceptable salt of the compound, a 
pharmaceuticaily acceptable salt of the tautomer, or mixtures thereof, two of 
W, X, Y, and Z are nitrogen atoms. In some such embodiments, X and Z are 
nitrogen atoms and W and Y are carbon atoms. 

[03881 In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a pharmaceuticaily acceptable salt of the compound, a 
phannaceutically acceptable salt of the tautomer, or mixtures thereof, R^^ is - 
H and is selected from substituted or unsubstituted heterocydyl groups, 
sut)stituted or unsubstituted aryl groups, substituted or unsubstituted alkoxy 
groups, -NH2, substituted or unsubstituted cycloalkyi groups, or substituted or 
unsubstituted straight or branched chain alkyi groups having from 1 to 8 
carbon atoms. 

[0389] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 acthoty in a subject using a compound of Structure IB, a tautomer of the 
compound, a phannaceuticaliy acceptable salt of ihe compound, a 
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phaimaceutically acceptable salt of the tautomer, or mixtures thereof, is 
seiected from substituted or unsubstituted heterocyclyl groups, substituted or 
unsubstituted aryl groups, unsubstituted alkoxy groups, -NH2, substituted or 
unsubstituted cycloalkyl groups, unsubstituted straight or branched chain alkyi 
groups having from 1 to 8 carbon atoms, substituted or unsubstituted 
heterocydylalkyl groups wherein the heterocydyl group is saturated, 
substituted or unsubstituted heterocydylalkyl groups wherein the heterocydyl 
group is unsaturated, substituted or unsubstituted aralkyi groups, substituted 
of unsubstituted alkoxyalkyi groups, substituted or unsubstituted hydroxyalkyi 
groups, substituted or unsubstituted dialkylaminoalkyi groups, substituted or 
unsubstituted alkylaminoalkyi groups, substituted or unsubstituted aminoalkyi 
groups, substituted or unsubstituted heterocydylaminoalkyi groups, 
substituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups, or 
substituted or unsubstituted alkyl-(S02)-alkyl groups. 

[0390] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomerof the 
compound, a pharmaceutically acceptable salt of the compound, a 
phamriaceutically acceptable salt of the tautomer, or mixtures thereof, is - 
H and is selected from substituted or unsubstituted saturated heterocydyl 
groups, substituted or unsubstituted aminoalkyi groups, substituted or 
unsubstituted cycloalkyl groups, or substituted or unsubstituted 
heterocydylalkyl groups. 

[0391] In some embodiments of tiie method of inhibiting 6SK-3 In a 
subject and/or the metfiod of ti^ating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phamriaceutically acceptable salt of the compound, a 
pharmaceutically acceptable salt of the tautomer, or mixtures thereof, R^ is 
selected from quinudidinyl groups, piperidinyl groups, pyrrolldinyl groups, and 
aminocydohexyl groups. In some such embodiments, R^ is a quinudidinyl 
group and in some such embodiments, R^ is a quinuclidin-3-yl group. 
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[0392] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phamriaceutically acceptable salt of ttie compound, a 
phamnaceutically acceptable salt of the tautomer, or mixtures thereof, is 
selected from monocyclic, bicydic, or poiycyclic saturated heterocydyl 
groups. 

[0393] In some embodiments of the metiiod of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phamnaceutically acceptable salt of tiie compound, a 
phamnaceutically acceptable salt of the tautomer, or mixtures thereof, is 
selected from -H, -F, -CI, or-CHa groups. In some such embodiments, R^ is 
-H or -F. In other such embodiments, R^ is -H. 

[0394] In some embodiments of tfie metfiod of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Stmcture IB, a tautomer of ttie 
compound, a phamnaceuti'cally acceptable salt of the compound, a 
phamnaceutically acceptable salt of tine tautomer, or mixtures thereof, R^ is 
selected from-H, -CI. -F, -Br, -I, -CH3, -NO2. -OMe, -CN. -CO2H, substituted 
or unsubstituted 1 ,2,3,6-tetrahydropyridine groups, substituted or 
unsubstituted tiiiophene groups, substituted or unsubstituted imidazole 
groups, substituted or unsubstituted 3-pyridyl groups, substituted or 
unsubstituted 4-pyridyl groups, 2-substituted phenyl groups, 2,4-disubstituted 
phenyl groups, 4-substituted phenyl groups, 3-substituted phenyl groups, 2,6- 
disubstituted phenyl groups, phenyl, substituted or unsubstituted diallcylamino 
groups, or substituted or unsubstituted alkylamino groups. In some such 
embodiments, R^ is selected from -H, -CI, -F, or -CH3. In other such 
embodiments, R^ is -F, 
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[0395] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a bblogicat condition mediated by GSK- 
3 activity in a subject using a compound of Stmcture IB, a tautomer of the 
compound, a phannaoeutically acceptable salt of the compound, a 
phanmaceuticaily acceptable saK of the tautomer, or mixtures thereof, is a 
substituted or unsubstrtuted aryl group selected from phenyl, 2-chlonophenyi, 
2-methylphenyl, 2-ethylphenyl, 2-hydroxyphenyl, 2-methoxyphenyl, 2- 
trifluoromethylphenyl, Snnethoxyphenyl, 3-nftnophenyl, 3-carboxyphenyl, 3- 
acetylphenyl, 3-aminophenyl, 3-hydroxyphenyl, 3-acetamidophenyl, 3- 
carbomethoxyphenyl, 3-trifluoromethylphenyl, 3-ureidophenyl, 4-chlorophenyl, 
4-cyanophenyl, 4-hydroxyphenyl, 4-nitrophenyl, 4-ethylphenyl, 4- 
methylphenyl, 4-methoxyphenyl, 4-acetytphenyi, 4-acetamidophenyl, 4- 
carboxyphenyl, 4-fomTylphenyl, 4-methylthiopheny(, 4-dimethylammophenyl, 
4-carbomethoxyphenyl, 4-carboethoxyphenyl. 4-carboxamidophenyl, 4- 
(methylsulfonyl)phenyl, 4-trifluoromethylphenyl, 2,4-<Jifluorophenyl, 2-fluoro-4- 
chlorophenyl, 2,4-dichloropheny), 2-^mjno-4-cartx)methoxyphenyl, 2-amino-4- 
carboxyphenyl, 2,6-difluorophenyl, or3,4-(methylenedfo)y)phenyl. 

[0396] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Stmcture IB, a tautomer of the 
compound, a pharmaceutically acceptable salt of the compound, a 
phannaceutically acceptable salt of the tautomer, or mixtures thereof, R"* is -H 
or -CH3. In some such embodiments, R^ is -H. 

[0397] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phamnaceutically acceptable salt of the compound, a 
pharmaceutically acceptable salt of the tautomer, or mixtures thereof, R^ and 
R® are independently selected from -H, or saturated heterocyclyl groups, or 
are absent. In some such embodiments, R^ and R® are independently 
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selected from -H or saturated heterocyclyl groups. In some such 
embodiments is -H and R* is -H. 

[0398] in some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phannaceutlcally acceptable salt of the compound, a 
phanmaceutically acceptable salt of the tautomer, or mixtures thereof, R® and 
R^ are independently selected from -H, -F, -CI, -OH, or substituted or 
unsubstituted heterocyclyl groups, in some such embodiments, R® is -H and 
R^is-H. 

[0399] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phamiaceutically acceptable salt of the compound, a 
phannaceuticaliy acceptable salt of the tautomer, or mixtures thereof, R^ is - 
H, R® is -H, R' is -H, and R« is-H. 

[0400] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition medfated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phannaceuticaily acceptable salt of the compound, a 
phamaceutically acceptable salt of the tautomer, or mixtures thereof, R^ is 
selected from -H. -F, -a, -Br, -CH3, -OH, -CN, substituted or unsubstituted 
alkoxy groups, substituted or unsubstituted alkylamino groups, substituted or 
unsubstituted dialkylamiho groups, substituted or unsubstituted heterocyclyl 
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted 
-C(=0)-heterocyclyl groups, substituted or unsubstituted -C(=0)-N(alkyl)2 
groups, or-C(=0)-NH2 groups. 

[0401] In some embodiments of the method of inhibiting GSK-3 In a 
subject and/or the method of treating a biological condition mediated by GSK- 
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3 activity in a subject using a compound of Structure IB, a fautomer of the 
compound, a phanmaceuticaliy acceptable saK of the compound, a 
phamiaceuticaliy acceptable salt of the tautomer, or mixtures thereof, is 
selected from -H, -F, -CI, -Br, -CH3. -CN, -OMe, hydroxyalkylamino groups, 
dialkylamino groups, dialkylaminoalkylamino groups, aikoxyalkylamino 
groups, substituted or unsubstituted heterocyclylalkylamino groups, 
acetamidoatkylamino groups, cyanoalkyiamino groups, aikoxyalkylamino 
groups, thioalkylamino groups, (methylsulfonyl)alkylamino groups, 
cydoalkylalkylamino groups, dialkylaminoalkoxy groups, heterocyclylalkoxy 
groups, substituted or unsubstituted piperidinyl groups, substituted or 
unsubstituted imidazolyl groups, substituted or unsubstituted morpholinyl 
groups, substituted or unsubstituted pyrrolyl groups, substituted or 
unsubstituted pyrrotidinyl groups, substituted or unsubstituted piperazinyl 
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted 
-C(=0)-heterocyclyl groups, substituted or unsubstituted -C(=0)-N(alkyl)2 
groups, or -C(=0)4SIH2 groups. In some embodiments, is selected from - 
H. -F. -CI, -Br, -CH3. -OH, -CN, substituted and unsubstituted alkoxy groups, 
substituted and unsubstituted alkylamfno groups, substituted and 
unsubstituted dialkylamino groups, substituted and unsubstituted hetenocyclyl 
groups, substituted and unsubstituted aryl groups, substituted and 
urisubstituted -C(=0)-heterocyclyl groups, substituted and unsubstituted 
-C(=0)-N(alkyl)2 groups, and -C(=0)-NH2 groups. 

[0402] In some embodiments of the method of Inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB, a tautomer of the 
compound, a phamiaceuticaliy acceptable salt of tiie compound, a 
phamnaceutically acceptable salt of the tautomer, or mixtures thereof, R^ is 
selected from substituted or unsubstituted alkylamino groups or substituted or 
unsubstituted dialkylamino groups. In some such embodiments, R^ is a 
dimethylamino group. 
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[0403] in some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activify in a subject using a compound of Structure IB, a tautomerof the 
compound, a pharmaceutically acceptable salt of the compound, a 
pharmaceutiCally acceptable salt of the tautomer, or mixtures thereof, f^. R^. 
R^ R^ R®, and R^° are all -H. 

[0404] In some embodiments of the method of inhibiting GSK-3 in a 
subject and/or the method of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Structure IB. a tautomer of the 
compound, a phamnaceutically acceptable salt of the compound, a 
pharmaceutically acceptable salt of ttie tautomer, or mixtures thereof, tfie IC50 
value of ttie compound is less tfian or equal to 10 witfi respect to GSK-3. 
In otfiersuch embodiments, the IC50 value is less than or equal to 1 ^M, is 
less than or equal to 0.1 ^M, is less than or equal to 0.050 ^M, Is less than or 
equal to 0.030 nM, is less than or equal to 0.025 ^M, or is less than or equal ' 
to 0.010 nM. 

[0405] In some embodiments of ttie mettiod of inhibiting GSK-3 in a 
subject and/or the mettiod of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Stmcture IB, a tautomer of the 
compound, a pharmaceutically acceptable salt of the compound, a 
pharmaceutically acceptable salt of tiie tautomer, or mixtures thereof, tiie 
subject is a mammal, and in some embodiments is a human. 

[0406) In some embodiments of ttie mettiod of inhibiting GSK-3 in a 
subject and/or the mettiod of treating a biological condition mediated by GSK- 
3 activity in a subject using a compound of Stoicture IB, the biological 
condition is diabetes, and in some such embodiments tiie biological condition 
is nonlnsulin dependent diabetes mellitus (NIDDM). In other such 
embodiments, the biological condition is Alzheimer's disease or is bipolar 
disorder. 
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[0407] 



In groups including heterocydyl groups, the heterocydyl group 



may be attached in various ways. For example, in a heterocycytakoxy group, 
the heterocydyl group may be bonded to a methylene carbon of the alkoxy 
group of the heteiocydylalkoxy group through various ring members. By way 
of non-limiting example, where the heterocydyl group of the 
heterocyclylalkoxy group is tetrahydrofuran, the group could be represented 
by the fonmula -OCH2CH2(tetrahydrofuranyl) which corresponds to the 
following two structures: 



where Structure II represents the group that can be referred to as the 
-OCH2CH2(2-tetrahydrofuranyl) or-OCH2CH2(tetrahydrofuran-2-yl) group and 
Structure III represents the group that can be refenred to as the -OCH2CH2(S- 
tetrahydrofuranyl) or --OCH2CH2(tetrahydrofuran-3-yl)group. When the 
heterocydyl group is a N-containing heterocyde, such as, but not limited to 
piperidine, piperazine, morpholine, or pyrrolidine, the heterocyde can be 
bonded to the methylene carbon through a ring carbon atom or through a 
nitrogen atom in the ring of the N-containing heterocyde. Both of these are 
prefened. Where the heterocydyl group Is a piperidine for a 
-OCH2CH2CH2(heterocydyl) group, the following structures are possible and 
preferred: 




n 



m 
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VI vn 

(04081 Structure IV is an example of a -0(CH2)3(N-piperidlnyI) or 
-0(CH2)3(1-piperlclinyl) or -0(CH2)3(piperidin-1-yl) group. Structure V is an 
example of a -0(CH2)3-(2-piperidinyl) or-0(CH2)3(piperidln-2-yl) group. 
Structure VI is an example of a -0(CH2)3(3-piperidinyl) or -0(CH2)3(piperidin- 
3-yl) group. Structure VII is an example of a -0(CH2)3(4-piperidinyl) or 
-0(CH2)3(piperidln-4-yl) group. Where tlie heterocyclyl group is a piperazine 
for an -OCH2CH2(heterocyclyl) group, the following structures are possible 
and preferred: 




[0409] Structure VIII is ain example of a -0(CH2)2(2-piperazinyl) or 
-0(CH2)2(pipera2ln-2-yl) group, and Structure IX is an example of a 
-0(CH2)2(1-pipera2inyl) or -OCCHfcMN-plperazinyl) or -0(CH2)2(Piperazin-1-yl) 
group. Where the heterocyclyl group is a morpholine for a 
-OCH2CH2(heterocyclyl) group, the following structures are possible and 
preferred: 
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XII 



[041 01 Structure X is an example of a -©(CHaWS-morpholinyl) or 
-0(CH2)2(morpholln-3-yl) group. Structure XI is an example of a -©(CHaM^- 
morpholinyl) or -©(CHaMN-morpholinyl) or -0(CH2)2(morpholin-4-yl)grDup, 
and Structure XII is an example of a -0(CH2)2(2-morpholinyl) or 
-0(CH2)2(morpholln-2-yl) group. It will be observed that where the 
heterocydyl group is a pynolidine in a -OCHaCHaCheterocyclyl) group, the 
structures available include -©(CHaMl-pyrrolidinyl) or -0(CH2)2(N- 
pyrrolidinyl) or -0(CH2)2(pynx)lidrn-1-yl). -0(CH2)2(2-pynrol[dinyl) or 
-0(CH2)2(pyrrolidln-2-yl), and -0(CH2)2(3-pyrrolidinyl) or -0(CH2)2(pyrrolidin- 
3-yl). 

[041 1] Compounds of Structure I and IB may be synthesized fifom 
simple starting molecules as shown in Schemes 1-6 and the Examples. As 
shown in Scheme 1 , hydroxy derivatives of compounds of Structure I may 
generally be prepared using aromatic compounds substituted with amines and 
cartx)xyl!c acid groups. These compounds may then be converted to 
compounds of Structure I using the methods descn'bed in Schemes 3 and 5 
and the Examples: Hydroxy derivatives of heterocyclic analogs of Structure I 
such as compounds of Structure IB may be similarly prepared using the 
appropriate heteroaromatic analogs of the compounds as shown in Scheme 
2. These may then be converted to heterocyclic analogs of Structure I such 
as compounds of Structure IB using the methods described in Schemes 4 and 
5. 
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Scheme 1. 



A'WC02H 



•W^COzH O O j T 




[0412] As shown in Scheme 1, a substituted aromatic compound such 
as a substituted or unsubstituted 2-aminobenzoic acid may be reacted with an 
acyl halide such as methyl 2-(chlorocarbonyl)acetate to produce an amide 
that will react with a substituted or unsubstituted 1,2-diaminobenzene. The 
resulting product is a 4-hydix)xy-substituted analog of a compound of 
Structure I. 



Scheme 2. 




H 



[0413] As shown in Scheme 2, a substituted pyridine such as a 
substituted or unsubstituted 3-amino-pyridine-4-carboxylic acid may be 
reacted with an acyl halide such as methyl 2-(chlorocarfoonyl)aceiate to 
produce an amide that will react with a substituted or unsubstituted 1 ,2- 
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dfaminobenzene or a pyridine analog. The resulting product is a 4-hydroxy^ 
substituted heterocyclic analog of a compound of Structure I or IB. The use of 
starting pyridines with different sut)stitution patterns such as 2-aminonicotlnic 
acid (2-aminopyridine-4-carbo)^lic acW) provides compounds where the 
nitrogen is in a different position in the pyridine ring of the final compound. 
One sidlled in the art will recognize that the procedure set forth in Scheme 2 
may be modified to produce various 4-hydroxy heterocyclic analogs of 
compounds of Structure I and IB. 

[0414] Scheme 3 illustrates a general synthetic route that allows for the 
synthesis of various compounds of Stmdure I. An inspection of Scheme 3 
shows that 4-hydroxy substituted analogs of compounds of Structure I may be 
converted into the 4-chloro derivative by reaction with phosphonjs oxychloride 
or thionyl chloride. The 4-chloro derivative may then be reacted with an 
appropriate amine such as an alkylamine, a dialkylamfne, a 
hetero(7clylamine. a cycloalkylamine, an aromatic amine, and the like to 
produce the corresponding protected compound of Structure I. Deprotection 
affords the final desired compounds of Structure I. 

[041 5J The various 2-aminobenzolc acid starting materials used to 
synthesize isatoic anhydrides may be obteined from commercial sources or 
prepared by methods known to one of skill in the art. General isatoic 
anhydride synthesis methods are described in J. Med. Chem. 1981, 24 (6), 
735 and J. Heterocycl. Chem. 1975, 12(3). 565 which are both hereby 
incorporated by reference in their entirety for all purposes as if fully set forth 
herein. 



wo 2004/018419 



PCTAIS2003/02S990 



-240- 




[041 6J Scheme 4 illustrates a general synthetic route that allows for the 
synthesis of various heterocyclic compounds of Structure IB. An inspection of 
Scheme 4 shows that 4-hydroxy substrtuted analogs of Structure IB may be 
converted Into the 4-chloro derivative by reactbn with phosphorous 
oxychloride or thionyl chloride. The 4-chloro derivative may then be reacted 
with an appropriate amine such as an alkylamine, a dialkylamine, a 
heterocyclylamine, a cycloalkylamine, an aromatic amine, and the like to 
produce the conresponding protected compounds of Structure IB. 
Deprotection affords the final desired heterocyclic analogs of cornpounds of 
Structure I. 
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[041 7] Scheme 5 depicts a general synthetic route that allows for the 
synthesis of various compounds of Structure I. An inspection of Scheme 5 
shows that the hydroxy group of 4-hydroxy substituted analogs of compounds 
of Stmcture I may be converted to a leaving group by triflation with triflating 
agents such as triflic anhydride. The resulting triflates may then be reacted 
with a wide variety of nitrogen nudeophiles such as 3-amlnoqulnuclldlne and 
other amines to produce protected analogs of compound of Structure I. 
Oeprotection of the resulting products affords the desired compounds of 
Structure I. An analogous procedure may be used to prepare heterocyclic 
compounds of Structure I. 
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Scheme 5. 
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[041 8] Heteroaromatic diamines may be simply prepared and used as 
precursors of cx)mpounds of Structure I and IB and heterocyclic analogs of 
compounds of Structure I and IB where one or more of A, B, C, or D is a' 
nitrogen as shown in Scheme 6. 

Scheme 6. 



NH2 H "2° 

BOH. heat 

BOH 9 WHHQ x/'^^C^NHa 





HQ Etcr ^ "Oa N'^NHz 

[041 9] As shown in Scheme 6, a compound such as ethyl (^anoacetate 
may be condensed with a substituted or unsubstituted heterocycle containing 
two ortho amino groups such as substituted or unsubstituted 1 ^- 
diaminopyridine to obtain a substituted or unsubstituted 2-{midazolo[5,4- 
b]pyridin-2-ylethanenitrile, which may subsequently be hydrolyzed in acidic 
medium to provide a substituted or unsubstituted ethyl 2-Imidazolo[5,4- 
b]pyndin-2-ylacetate. As an alternate route, a substituted or unsubstituted 
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ethyl 2-imidazolo[5,4-b]pyridirh2-ylacetate may be obtained from a compound 
such as the hydrochloride saK of 3-ethoxy-3-lminopropanoate and a 
substituted or unsubstituted 1,2-diaminopyridine. Reaction of a substituted or 
unsubstituted ethyl 2-imldazolo[5,4-b]pyridin-2-ylacetates with an appropriate 
aromatic compound provides compounds of Structure I and hetenocyclic 
analogs of compounds of Structure I where one or more of A, B, C, or D is a 
nitrogen atom. 

Scheme 7. 




[0420] Introduction of substituents on the benzimidazole ring need not 
be limited to the eariy stages of the synthesis and may be accomplished after 
formation of the quinolinone ring. For example, amides can be obtained by 
coupling the advanced acid intermediate shown in Scheme 7 with a variety of 
amine. 

Schemes. 




X = l,Br,TfO 



[0421] Conversion of the 06 or C-7 halides to an acid group was 
accomplished using procedures in the following references which are hetBin 
incorporated by reference in their entirety for all purposes as if fully set forth 
herein: Koga, H.; et aL, TbI Let, 1995, 36, 1, 87-90; and Fukuyama, T.; et 
al., J. Am. Chem. Soc, 1994, 116, 3125-3126. 
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Scheme 9. 





Pd,KCNorNaCN 
Cul, THF 



X = I.Br,Tro 

10422] Conversion of the C-6 or C-7 halides to a cyano group was 
accomplished using procedures in the following reference which is herein 
incorporated by reference in its entirety for all purposes as if fully set forth 
herein: Anderson, BA; et al., J. Org. Chem., 1998. 63, 8224-828. Preferred 
reaction conditions for Scheme 9 are described in Method 26 below. 




X = l. Br. TfO 



Pd(dppf)Cl2/Cl2CH2 
. ifc, 

Y = B(OH)2orSn(nBu)3 




[0423] Conversion of the C-6 or C-7 halides to an aiyl group was 
accomplished using standard Suzuki orStille procedures such as described 
below. 



Scheme 11. 
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[0424] Additional functionalizatfon using a dihaloquinolone was 
accomplished as depicted in Scheme 11 by reaction of the dihaloquinolone 
with nudeophiles such as amines, alcohols and thiols. 
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[0425] The compounds of Structure I and IB, tautomere of the 
compounds, phamiaceutically acceptable salts of the compounds, 
phamiaceutically acceptable salts of the tautomere. and mixtures thereof may 
be used to prepare medicaments, that may be used for the purposes 
described herein, and may be used to treat various biological conditions as 
described herein. 

[0426] Phanmaceutlcal fomiulations may include any of the compounds 
of any of the embodiments described above in combination with a 
pharmaceutlcally acceptable earner such as those described herein. 

[0427] The instant Invention also provides for compositions which may 
be prepared by mixing one or more compounds of the instant Invention, or 
pharmaceuticaliy acceptable salts tautomers thetBof. or mixtures thereof with 
phannaceutically acceptable earners, excipients, binders, diluents or the like 
to treat or ameliorate a variety of disorders related to the activity of VEGF- 
RTK, more particulariy angiogenesis associated with cancer or related to the 
activity of FLT-1. VEGFR2. VEGFR3. FGFR1. GSK-3. Cdk2, Cdk4. MEK1, 
NEK-2. CHK2. CK1e. Raf, NEK-2. CHK1, Rsk2. PAR-1. Cdc2, c-KIt, c-ABL, 
pOOsrc. FGFR3. FLT-3. Fyn. Lck, Tle-2, PDGFRa, and PDGFRp. The 
compositions of the Inventions may be used to create formulations such as 
medicaments and phamriaceutlcal fomiulations that inhibit tyrosine kinases 
and/or serine/threonine kinases and may be used to treat biological conditions 
mediated by such kinases. Such compositions can be in the fbrm of, for 
example, granules, powders, tablets, capsules, syrup, suppositories, 
Injections, emulsions, ellxire, suspensions or solutions. The Instant 
compositions can be fomnulated for various routes of administration, for 
example, by oral administration, by nasal admlnlstratfon, by rectal 
administration, subcutaneous Injection. Intravenous Injection, Intramuscular 
Injections, or Intraperitoneal Injection. The following dosage fbmis are given 
by way of example and shouW not be constmed as limiting tiie Instant 
Invention. 



wo 2004/018419 



PCTAJS2003/02S990 



-246- 

[0428] For oral, buccal, and sublingual administration, powders, 
suspensions, granules, tablets, pills, capsules, gelcaps, and capiets are 
acceptable as solid dosage fomns. These can be prepared, for example, by 
mixing one or more compounds of the instant Invention, pharmaceutically 
acceptable salts, tautomers, or mixtures thereof, witti at least one additive 
such as a starch or other additive. Suitable additives are sucrose, lactose, 
cellulose sugar, mannitd, maltitol, dextran, starch, agar, alginates, chltins, 
chitosans, pectins, tragacanth gum, gum arable, gelatins, collagens, casein, 
albumin, syntiietic or semi-synthetic polymers or glycerides. Optionally, oral 
dosage forms can contain other ingredients to aid In administration, such as 
an inactive diluent, or lubricants such as magnesium stearate, or 
presen/atives such as paraben or sorbic acid, or anti-oxfdants such as 
ascorbic acid, tocopherol or cysteine, a disintegrating agent, binders, 
thickeners, buffers, sweeteners, flavoring agents or perfuming agents. 
Tablets and pills may be further treated witti suitable coating materials known 
in the art. 

[0429] Liquid dosage fomis for oral administration may be in the fomi of 
phanmaceutically acceptable emulsions, syrups, elixirs, suspensions, and 
solutions, which may contain an inactive diluent, such as water. 
Phamiaceutical fomriulations and medicaments may be prepared as liquid 
suspensions or solutions using a sterile liquid, such as, but not limited to, an 
oil, water, an alcohol, and combinations of these. Pharmaceutically suitable 
surfactants, suspending agents, emulsifying agents, may be added for oral or 
parenteral administration. 

[0430] As noted above, suspensions may include oils. Such oil include, 
but are not limited to, peanut oil, sesame oil, cottonseed oil, corn oil and olive 
oil. Suspension preparation may also contain esters of fatty acids such as 
ethyl oleate, isopropyl myristate, fatty acid glycerides and acetylated fatty acid 
glycerides. Suspension fomiulations may include alcohols, such as, but not 
limited to, ethand, isopropyl alcohol, hexadecyl alcohol, glycerol and 
propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol). 
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petroleum hydrocarbons such as mineral oil and petrolatum; and water may 
also be used in suspension fonnulations. 

[0431] For nasal administration, the phamiaceutical formulations and 
medicaments may be a spray or aerosol containing an appropriate sotvent(s) 
and optionally other compounds such as, but not limited to, stabilizers, 
antimicrobial agents, antioxidants, pH modifiers, surfactants, bioavailability 
modifiers and combinations of these. A propellant for an aerosol formulation 
may include compressed air, nitrogen, carbon dioxide, or a hydrocarbon 
based low boiling solvent. 

[0432] Injectable dosage forms generally include aqueous suspensions 
or oil suspensions which may be prepared using a suitable dispersant or 
wetting agent and a suspending agent. Injectable forms may be in solution 
phase or In the form of a suspension, which Is prepared with a solvent or 
diluent. Acceptable solvents or vehicles include sterilized water, Ringer's 
solution, or an isotonic aqueous saline solution. Alternatively, sterile oils may 
be employed as solvents or suspending agents. Preferably, the oil or fatty 
acid is non-volatile, including natural or synthetic oils, fatty acids, mono-, dl- or 
tri-gtycerides. 

[0433] For injection, the pharmaceutical formulation and/or medicament 
may be a powder suitable for reconstitution with an appropriate solution as 
described above. Examples of these include, but are not limited to, freeze 
dried, rotary dried or spray dried powders, amorphous powders, granules, 
precipitates, or particulates. For Injection, the formulations may optionally 
contain stabilizers, pH modifiers, surfactants, bioavailability modifiers and 
combinations of these. 

[0434] For rectal administration, the phamiaceutical formulations and 
medicaments may be in the fomi of a suppository, an ointment, an enema, a 
tablet or a cream for release of compound in the intestines, sigmoid flexure 
and/or rectum. Rectal suppositories are prepared by mixing one or more 
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compounds of the instant invention, or phamiaceutfcatly acceptabie safts or 
tautomers of the compound, with acceptable vehicles, for example, cocoa 
butter or polyethylene glycol, which is present in a solid phase at normal 
storing temperatures, and present in a liquid phase at those temperatures 
suitable to release a drug inside the body, such as in the rectum. Oils may 
also be employed in the preparation of fbmiulations of the soft gelatin type 
and suppositories. Water, saline, aqueous dextrt>se and related sugar 
solutions, and glycerols maybe employed in the preparation of suspension 
formulations which may also contain suspending agents such as pectins, 
carbomers, methyl cellulose, hydroxypropyl cellulose or carboxymethyl 
cellulose, as well as buffers and preservatives. 

[0435] Besides those representative dosage fonns described above, 
pharmaceutically acceptable excipients and earners are generally known to 
those skilled in the art and are thus included in the instant invention. Such 
excipients and cam'ers are described, for example, in ""Remingtons 
Phanmaceutical Sciences' Mack Pub. Co:, New Jersey (1991), which is 
incorporated herein by reference in its entirety for all purposes as if fully set 
fiortfi herein. 

[04361 The fomiulations of the invention may be designed to be short- 
acting, fast-releasing, long-a(^ing, and sustained-releasing as described 
below. Thus, the phamiaceutical fomiulations may also be fbmiulated for 
controlled release or for sk>w release. 

[0437] The instant compositions may also comprise, for example, 
micelles or liposomes, or some other encapsulated fonm, or may be 
administered in an extended release fomi to provide a prolonged storage 
and/or delivery effect. Therefore, the phamiaceutical fonmulations and 
medicaments may be compressed into pellets or cylinders and implanted . 
intramusculariy or subcutaneously as depot injections or as implants such as 
stents. Such implants may employ known inert materials such as silicones 
and biodegradable polymers. 
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[0438] Specific dosages may be adjusted depending on conditions of 
disease, the age, body weight, general health conditions, sex, and diet of the 
subject, dose intervals, administration routes, excretion rate, and 
combinations of drugs. Any of the above dosage forms containing effective 
amounts are well within the bounds of routine experimentation and therefore, 
well within the scope of the instant invention. 

[0439] A therapeutically effective dose may vary depending upon the 
route of administration and dosage fonn. The prefened compound or 
compounds of the instant invention is a fonrnulation that exhibits a high 
therapeutic index. The therapeutic index is the dose ratio between toxic and 
therapeutic effects which can be expressed as the ratio between LDso and 
EDso. The LD50 is the dose lethal to 50% of the population and the ED50 is the 
dose therapeutically efiective in 50% of the population. The LD50 and ED50 
are determined by standard phamiaceuticai procedures in animal ceil cultures 
or experimental animals. 

[0440] "Treating" within the context of the instant invention, means an 
alleviation of symptoms associated with a disorder or disease, or halt of 
further progression or worsening of those symptoms, or prevention or 
prophylaxis of the disease or disorder. For example, within the context of 
treating patients in need of an inhib'rtorofVEGF-RTK, successful treatment 
may include a reduction in the proliferation of capillaries feeding a tumor or 
diseased tissue, an alleviation of symptoms related to a cancerous growtti or 
tumor, proliferation of capillaries, or diseased tissue, a halting in capillary 
proliferation, or a halting in tiie progression of a disease such as cancer or in 
the growtti of cancerous cells. Treatment may also include administering the 
pharmaceutical fomnulations of the present invention in combination with otiier 
therapies. For example, the compounds and phanmaceutical formulations of 
the present invention may be administered before, during, or after surgical 
procedure and/or radiation tiierapy. The compounds of the invention can also 
be administered in conjunction with other anti-cancer drugs including those 
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used in antisense and gene therapy. Appropriate combinations can be 
detemnined by those of skill In the oncology and medicine arts. 

[0441] Phamiaceutical fbnnulations and medicaments according to the 
invention include any of the compounds described above In combination with 
a phamiaceutically acceptable canier. Thus, the compounds of the invention 
may be used to prepare medicaments and phannaceutical formulations. In 
some such embodiments, the medicaments and pharmaceutical fomnulattons 
comprise any of the compounds of any of the embodiments of compounds of 
Structure I or Stnicture IB or pharmaceutically acceptable salts thereof. The 
invention also provides for the use of any of the compounds of any of the 
embodiments of compounds of Structure I or IB or phamiaceutically 
acceptable salts thereof for the inhibition of an enzyme such as FLT-1, 
VEGFR2, VEGFR3, FGFR1, GSK-3, Cdk2, Cdk4. MEK1, NEK-2. CHK2, 
CK1£, Raf. NEK-2, CHK1, Rsk2, PAR-I, c-Kit c^ABL, p60src. FGFR3. FLT-3, 
Cdc2, Fyn, Lck, Tie-2, PDGFRa, and PDGFRp, or fertile treatment of a 
disease or condition associated with any of these enzymes as described in 
greater detail below. The invention also provides the use of any of tfie 
compounds of any of the embodiments of compounds of Structure I or IB or 
phamiaceutically acceptable salts thereof for the manu^cture of enzyme 
inhibition agent such as a tyrosine kinase inhibitor or a serine/threonine 
kinase inhibitor, a phanmaceutical fonnulation, or a medicament that inhibits 
enzymes such as FLT^I, VEGFR2, VEGFR3, FGFR1, GSK-3, Cdk2. Cdk4, 
MEK1. NEK-2, CHK2. CKIe, Raf. NEK-2, CHK1, Rsk2, PAR-1, c-Kit, c-ABL, 
p60src, FGFR3, FLT-3, Cdc2, Fyn, Lck, Tie-2, PDGFRa, and PDGFRp or 
treats a disease or condition assodated with any of these enzymes as 
described in greater detail below. 

[0442] A method of treating a patient In need of an inhibitor of vascular 
endothelial growth factor receptor tyrosine kinase includes administering an 
effective amount of a phamiaceutical fonnulation, a medicament according to 
the invention or any of the compounds of any of the embodiments of 
compounds of Structure I or IB to a patient in need thereof. 
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[0443] A method for Inhibiting tumor growth in a patient Includes 
administering an effective amount of the compound, a pharmaceuticaliy 
acceptable salt thereof of any of the compounds of Structure I or IB . or a 
medicament to a patient having a tumor. 

[0444] A method for Inhibiting angiogenesis and tumor growth In a 
patient includes administering an effective amount of the compound or a 
phanmaceutically acceptable salt thereof according to a patient In need. 

[0445] The invention provides a method of treating a subject with 
various tumor types. The method indudes administering to the subject, such 
as a human subject, a compound according to any of the embodiments of 
compounds or a phannaceutically acceptable salt thereof of Stmcture I or IB 
to the subject. In some such embodiments, the method includes a method of 
treating a cancer patient. 

[04461 The invention provides a method of inhibiting an enzyme such 
as a tyrosine kinase. The method Includes administering to a subject, such as 
a human subject, a mammalian subject, or a cell subject, a compound 
according to any of the embodiments of compounds or a phannaceutically 
acceptable salt thereof of Structure I or IB to the subject In some such 
embodiments, the tyrosine kinase is VEGF. 

[0447] The Invention pnovWes a method of treating a subject with type II 
diabetes. The method includes administering to the subject, such as a human 
subject, a compound according to any of the embodiments of compounds or a 
phannaceuticafly acceptable salt thereof of Stmcture I or IB to the subject. In 
some such embodimente. the method includes a method of treating a 
prediabetk; or diabetic patient 

[0448] The inventfon provkies a method of stimulating insulin- 
dependent processes In a patient The method includes administering to the 
patient such as a human patient a compound according to any of the 
embodiments of compounds of Stmcture I or IB . or a phamnaceutteally 
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acceptable salt thereof, to the subject In some such embodiments, the 
method includes a method of reducing plasma glucose levels, increasing 
glycogen uptake, potentiating insulin, upregulating glucose synthase activity, 
and stimulating glycogen synthesis such as in skin, muscle, and fat cells. 

[0449] The invention provkJes a method of treating a subject with 
Alzheimer's disease. The method includes administering to the subject, such 
as a human subject, a compound according to any of the embodiments of 
compounds of Structure I or IB, or a phamiaceutlcally acceptable salt thereof, 
to the subject In some such embodiments, the method Includes reducing tau 
phosphorylation, reducing the generation of neurofibrillary tangles, and 
slowing the progression of Alzheimer's disease. 

[0450] The invention provides a method of treating a subject with a 
central nervous system disorder. The method includes administering to the 
subject, such as a human subject, a compound according to any of the 
embodiments of compounds of Structure I or IB, or a pharmaceutically 
acceptable salt thereof, to the subject. In some such embodiments, the 
method includes a method of treating bipolar disorden increasing the sun/ival 
of neurons subjected to abenanUy high levels of exdtation induced by 
glutamate; redudng neurodegeneratlon assoa'ated with acute damage such 
as in cerebral Ischemia, traumatic brain Injury, and bacterial injury; and 
reducing chnonfe neuronal damage associated wfth Alzheimer's disease, 
Huntington's disease. Paridnson's disease, AIDS associated dementia, 
amyotrophic lateral sclerosis (ALS) and multiple sclerosis. 

[0451] The Invention provides a method of prolonging an immune 
response In a subject The method includes administering to ttie subject, 
such as a human subject, a compound according to any of the embodiments 
of compounds of Structure I or IB, or a phanroceutically acceptable salt 
tfiereof, to ttie subject. In some such embodiments, the mettiod includes 
prolonging and/br potentiating immunostimulatory effects of cytokines, and 
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enhancing the potential of cytokines for Immunotherapy such as tumor 
Immunotherapy. 

[0452] The Invention provides a method of reducing the splitting of 
centrosomes in the cells of a subject. The method Includes administering to 
the subject, such as a human subject, a compound according to any of the 
embodiments of compounds of Structure I or IB, or a phamiaceutlcally 
acceptable salt thereof, to the subject. In some such embodiments, the 
subject Is a cancer patient. 

[0453] The invention provides a method of blocking DNA repair in a 
cancer cell of a cancer patient. The method includes administering to ttie 
patient, such as a human patient, a compound according to any of the 
embodiments of compounds of Structure I or IB, or a phamiaceutically 
acceptable salt thereof, to ttie patient.. 

[0454] The Invention provides a method of promoting phosphorylation 
of Cdc25 and Weel In a patient. The mettiod includes administering to the 
pati'ent, such as a human patient, a compound according to any of ttie 
embodiments of compounds of Stnjcture I or IB, or a phamiaceutlcally 
acceptable salt thereof, to the patient. 

[0455] The invention provides a method of modulating and/or 
preventing cell cycle anest In a cell. The method includes contacting the cell 
with a compound accoitling to any of the embodiments of compounds of 
Stiucture I or IB, or a phannaceutically acceptable salt thereof. In one 
mettiod, the cells are defective In ttie p53 gene and/or have p53 mutations 
and/or are deficient in p53. In some embodiments, the cells are cancer cells 
such as those deficient In p53. In some embodiments, arrest at the G2/M 
checkpoint Is prevented or inhibited. In some embodiments, the metiiod 
Includes treating a patient, such as a human patient wrtii any of ihe 
compounds of ttie invention, and in some such further embodiments, ttie 
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method further includes treatfng the patient with another therapeutic agent 
such as a chemotherapeutic agent or with radiation or heat. 

[0456] A method of preparing phamiaceutical fomiulations and 
medicaments includes mixing any of the above-described compounds with a 
pharmaceutically acceptable canier. 

[0457] As noted above, compounds of Staicture I and IB, tautomers of 
compounds of Stmcture I and IB, pharmaceutically acceptable salts of the 
compounds, pharmaceutically acceptable salts of the tautomers, and mixtures 
thereof are useful inhibitors of CHK1 . One of the advantages of many of 
these compounds is that they exhibit selectivity for CHK1 over other enzymes 
such as CHK2 and FLT-1 , VEGFR2, and FGFR1. In some embodiments the 
IC50 values with respect to CHK1 show that the Inhibitors of the invention are 
1,000 times, 100 times, or 10 times more selective towards CHK1 compared 
to CHK2. CHK1 inhibitors of the invention may be administered to cancer 
patients alone or in combination with other anti-cancer drugs or therapies. 
The present CHK1 inhibitors are particulariy useful against p53 cancers. In 
some embodiments, the cancers tfiat the CHK1 inhibitors of ttie invention are 
useful in treating Include breast cancer, particulariy human breast cancer, and 
colon cancer. 

[0458] The CHK1 inhibitors of the present invention are particulariy 
suitable for use in combination therapy as they have been shown to exhibit 
synergistic effect when used in combinatabn with anti-cancer drugs such as 
camptottiecln. doxombicin, cisplatin, irinotecan (CPT-11), alkylating agents, 
topolsomerase I and II Inhibitors, and radiation treatment. When an inhibitor 
of CHK1 of the present invention Is used in combination tfierapy along witfi an 
anti-cancer drug such as camptottiecln. cisplatin, Irinotecan. or doxorubicin, 
isobolograms show that the amount of the anti-cancer drug may be reduced 
due to the synergistic interaction (supraadditivity) between the CHK1 inhibitor 
and the conventional anti-cancer dmg. Therefore, the invention provides 
phamiaceutical fomfiulations that include the compounds of Structure I and IB 
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in combination with an anticancer diug, the use of the compounds in creating 
such fbrnnulations and medicaments. 

[0459] The compounds of the Invention may be used to inhibit kinases 
and used to treat biological conditions mediated by Idnases in a variety of 
subjects. Suitable subjects include animals such as mammals and humans. 
Suitable mammals include, but are not limited to, primates such as, but not 
limited to lemurs, apes, and monkeys; rodents such as rats, mice, and guinea 
pigs; rabbits and hares; cows; horses; pigs; goats; sheep; marsupials; and 
carnivores such as felines, canines, and ursines. In some embodiments, the 
subject or patient is a human. In other embodiments, the subject or patient is 
a rodent such as a mouse or a rat. In some embodiments, the subject or 
patient is an animal other than a human and In some such embodiments, the 
subject or patient is a mammal other than a human. 

[0460] It should be understood that the oiganic compounds according 
to the invention may exhibit the phenomenon of tautomerism. As the 
chemical structures within this specification can only represent orie of the 
possible tautomeric fonns, it should be understood that the Invention 
encompasses any tautomeric torn of the drawn stmclure. For example. 
Stmcture I is shown below with one tautomer, Tautomer la: 




Tautomeria 



Other tautomers of Structure I, Tautomer lb and Tautomer Ic, are shown 
below: 
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Tautomer lb Tautomer Ic 

Notably, the same types of tautomers occur with respect to compounds of 
Structure IB. 

[0461] The present invention, thus generally described, will be 
understood more readily by reference to the following examples, which are 
provided byway of illustration and are not intended to be limiting of the 
present invention. 

EXAMPLES 

[0462] Nomenclature for the Example compounds was provided using 
ACD Name version 5.07 software (November 14, 2001) available from 
Advanced Chemistry Development Inc., Chemlnnovation NamExperl + 
Nomenclator™ brand software available from Chemlnnovation Software, Inc., 
and AutoNom version 2.2 available in the ChemOffice® Ultra software 
package version 7.0 available from CambridgeSoft Corporation (Cambridge, 
MA). Some of the compounds and starting materials were named using 
standard lUPAC nomenclature. 

[0463] The following abbreviations are used throughout the application 
wfth respect to chemical tennmology: 



AcOH: 

ATP: 

BINAP: 



Acetic add 

Adenosine triphosphate 
2,2'-Bis(dlphenylphosphino>-1,r.blnaphthyl 
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Bn: 

BSA: 

Cbr 

DEAD: 

DIEA: 

DMA: 

DMAP: 

DMF: 

DMSO: 

dppf: 

DTT: 

EDso: 

EDCorEDCI: 

EDTA: 

EtOAc: 

EtOH: 

Fmoc: 

HBTU: 

HPLC: 
IC90 value: 

KHMDS: 

LC/MS: 

LiHMDS: 

MeOH: 

NMP: 

Pd(dba)2: 

PPTS: 
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N-/erf-BLitDxycarix)n^ 
Benzyl 

Bovine Semm Albumin 

Carbobenzyloxy 

Diethyl a:a)dicarbo)(ytate 

Diisopropylethylamine 

A^,AA-Dimethylacetamide 

4-Dimethylaminopyridine 

A/,A^-Dlmethylfomiamide 

Dimethylsulfoxide 

1 , 1 '(diphenylphosphino)fenTOcene 

DL-Dithiothreitol 

Dose therapeutically effective in 60% of the 
population 

1-(3-DimethylaminoprDpyl)-3-ethylcarbodiimide 
hydrochloride 

Ethylene diamine tetraacetic acid 

Ethyl acetate 

Ethanol 

9-fluorenylmethyl 

0-Benzotiiazol-1-yl-N,N,N',N'-tetramethyIuronium 

hexafluorophosphate 

High Pressure Liquid Chromatography 

The concentration of an inhibitor ttiat causes a 50 

% reduction in a measured activity. 

Potassium bis(trimethylsilyi)amide 

Liquid Chromatography/Mass Spectroscopy 

Lithium bis(trimettiytsilyi)amide 

Methanol 

N-methylpynolidone 
Bis(dibenzylideneacetone)Palladium 
Pyridinium p-toluenesulfonate 
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Pyn 


Pyridine 


SEMCI: 


2-(Trimethyl8llyl)ethoxymethyl chloride 


TBAF: 


Tetrabutylammonium fluoride 


TEA: 


Triethylamine 


TES: 


Triethylsilyl 


TFAA: 


Trifluoroacetic anhydride 


THF: 


Tetrahydrofuran 


TMS: 


Trimethylsllyl 



Purification and Characterization of Compounds 

[0464] Compounds of the present invention were characterized by high 
perfbnnance liquid chromatography (HPLC) using a Waters IVIillenium 
chromatography system with a 2690 Separation Module (IVIilford, 
Massachusetts). The analytical columns were Allf ma 0-18 reversed phase, 
4.6 X 250 mm from AlHech (Deerfield, Illinois). A gradient elution was used, 
typically starting with 5% acetonitrile/95% water and progressing to 100% 
acetonitrile over a period of 40 minutes. All solvents contained 0.1% 
trifluoroacetic acid (TFA). Compounds were detected by ultraviolet light (UV) 
absorption at either 220 or 254 nm. HPLC solvents were from Burdick and 
Jackson (Muskegan, Michigan), or Fisher Scientific (Pittsburg, Pennsylvania). 
In some instances, purity was assessed by thin layer chromatography (TLC) 
using glass or plastic backed silica gel plates, such as, for example, Baker- 
Flex Silica Gel 1B2-F flexible sheets. TLC results were readily detected 
visually under ultraviolet light, or by employing well known kxiine vapor and 
other various staining technk|ues. 

[0465] Mass spectrometric analysis was perfbmied on one of two 
LCMS instmments: a Waters System (Alliance HT HPLC and a Micromass 
ZQ mass spectrometer. Column: Eclipse XDB-C18, 2.1 x 50 mm; Solvent 
system: 5-95% acetonitrile in water with 0.05% TFA; Flow rate 0.8 mL/minute; 
Molecular weight range 150^50; Cone Voltage 20 V; Column temperature 
40'»C) or a Hewlett Packard System (Series 1 100 HPLC; Column: Eclipse 
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XDB-C18, 2.1 X 50 mm; Solvent system: 1-95% acetonftrile in water wfth 
0.05% TFA; Flow rate 0.4 mLyminute; Molecular weight range 150-850; Cone 
Voltage 50 V; Column temperature 30»C). All masses are reported as those 
of the protonated parent ions. 

[04661 GCMS analysis was perfomied on a Hewlet Packard instalment 
(HP6890 Series gas chromatograph with a Mass Selective Detector 5973; 
Injector volume: 1 pL; Initial column temperature: 50°C; Final column 
temperature: 250"'C; Ramp time: 20 minutes; Gas flow rate: 1 mlVminute; 
Column: 5% Phenyl Methyl SBoxane, Model #HP 190915-443, Dimensions: 
30.0 m X 25 pm X 0.25 pm). 

[0467] Preparative separations were canled out using either a Rash 40 
chromatography system and KP-Sil, 60A (Biotage. Charlottesville. Viiginia), or 
by HPLC using a C-18 reversed phase column. Typical solvents employed 
for the Flash 40 Biotage system were dichloromethane, mettianol, ethyl 
acetate, hexane and triethyl amine. Typical solvents employed for the reverse 
phase HPLC were varying concentrations of acetonitrile and water with 0.1 % 
trifluoroacetic acid. 

[0468] Various functionaiized aiyi diamines were obtained from 
commercial sources, prepared by methods know to those of skilled in the art, 
or were prepared by the following general methods. Some of the aryl 
diamines and Examples were prepared by the methods set forth in U.S. 
Provisional Applfcation No. 60/405,729. Therefore, U.S. Provistonal 
Application No. 60/405,729 in hereby incorporated by reference in its entirety 
for all purposes as if fully set forth herein including the methods and Examples 
set forth. 
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Method 1 




[0469] 2,4-Difluoronitrobenzene (1 .0 equivalent) was placed in a dry 
round-bottomed flask equipped with a dry ice condenser charged with 
acetone and dry ice. Ammonia was condensed into the flask, and the 
resulting solution was stirred at reflux for 7 hours. A yellow precipitate fonrned 
within 1 hour. After 7 hours, the condenser was removed and the liquid 
ammonia was allowed to evaporate over several hours. The crude prtxiuct 
was purified by flash chromatography on silica gel (85:15 hexanesrethyl 
acetate, product at Rf = 0.32, contaminant at Rf = 0.51); GC/MS miz 156.1 
(M+), Rill. 16 minutes. 

[0470] The resulting 5-fluoro-2-nitrophenyIamine (1 .0 equivalents) and 
an amine (1.1 equivalents) e.g. N-methyl piperazine, were dissolved in NI\4P 
and triethylamine (2.0 equivalents) was added. The reaction mixture was 
heated at 100°C for 3 hours. The solution was then cooled to room 
temperature and diluted with water. The resulting precipitate was filtered and 
dried under vacuum to provide the 2-nitro-diamino product. Attematively, the 
same product may be obtained from commercially available 5-chlorx)-2- 
nitrophenylamine under identical conditions except heating at ISO^'C for 1*2 
days. In some examples, the displacement on either 5-fluoro-2- 
nitrophenylamine or 5-chk)ro-2-nitrophenylamine can be conducted in neat 
amine (5 equivalents) at 100**C or ISO^C, respectively. The product is 
isolated in an identical manner. LC/MS m/z 237.1 (MH+). Rt 1.304 minutes. 

[0471] The nitroamine (1 .0 equivalent) and 10% Pd/C (0.1 equivalents) 
was suspended in anhydrous ethanol at room temperature. The reaction flask 
was evacuated and subsequently filled with H2. The resulting mi)dure was 
then stirred under a hydrogen atmosphere overnight The resulting solution 
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was filtered through Celite and concentrated under vacuum to provide the 
crude product which was used without further purification. 

Method 2 




104721 A iound-ljottom flask was charged with 2,3-difluoro-6- 
nrtrophenylamine (1 equivalent) and enough NMP to make a viscous sluny. 
An amine (5 equivalents), e.g., N-methyl piperazine, was added and the 
solution was heated at 100°C. After 2 hours, the solution was cooled and 
poured into water. A iMight yellow solid fbmied which was filtered and dried. 
The nitroamine was reduced as In Method 1 to provide tfie crude product 
which was used without further purification. LC/MS /7i/fe 225.1 (IVIH+), R, 0.335 
minutes. 



IVlethodS 




[0473] To a 0.1 M DMF solution of 1 .3-difluoro-2-nltrDbenzene was 
added EtaN (2 equivalents) followed by an amine (1 equivalent), e.g. 
morphollne. The mixture was stin^ for 18 hours and then diluted with water 
and extracted with ethyl acetate. LC/I\/1S m/z 227.2 (MH+), R,2.522 minutes. 
The combined organic layers were dried over MgS04. filtered, and 
concentrated. Ammonia was condensed into a pressure vessel contabiing the 
cmde product The pressure vessel was sealed and heated to 100°C (over 
400 psi). After 72 hours, the pressure vessel was allowed to cool and the 
ammonia was evaporated to provide a reddish solid. The nitroamine was 
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reduced as In Method 1 to provide the crude product which was used without 
further purification. LC/MS 194.1 (MH+), R,1.199 minutes. 



Method 4 



F' 





[0474] To a stirred NMP solution containing NaH (1 .3 equivalents) was 
added an alcohol (1.0 equivalent), e.g. 2-methyloxyethanol. The resulting 
mixture was then stinted for 30 minutes. A sluny of 5-f1uoro-2- 
nitrophenylamlne in NMP was then added slowly. The mixture was then 
heated to 100X. After 2 hours, the reaction mixture was cooled and water 
was added. The mixture was then filtered and the captured solid was washed 
with water and purified by silica gel chromatography (1:1 ethyl 
acetaterhexane). LC/MS m/z 213.2 (MH+). R,2.24 minutes. The nitioamlne 
was reduced as In Method 1 to provide the cmde product which was used 
without further purification. LC/MS m/z 183.1 (MH+). RtO.984 minutes. 



I0475J Dlisopropyl azodlcartjoxylate (1.1 equivalents) was added 
dropwise to a sOned solution of 3-amino-4-nltrophenol (1.0 equivalent), 
triphenylphosphine (1.1 equivalents), and an alcohol, e.g. N-(2- 
hydroxyethyl)morpholine (1.0 equivalent), in tetrahydroftiran at O^C. The 
mixture was allowed to warm to room temperature and stirred for 18 hours. 
The solvent was evaporated, and the product was purified by silica gel 
chromatography (98:2 CH2Cl2:mettianol) to yield 4-(2.morpholln-4-yIethoxy)-2- 



MethodS 
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nitiophenylamine as a dark reddish-bnown o9. LC/MS /n^ 268.0 (MH+), Rt 
1 .01 minutes. The nitroamine was reduced as In Method 1 to give the crude 
product which was used without further purification. LCMS 238.3 (MH+), 
Rt 0.295 minutes. 



Method 6 




[0476J To a Hask charged with 4-amino-3-nltrophenol (1 equivalent), 
K2CO3 (2 equivalents), and 2-butanone. was added an alkyi dibromide, e.g. 
1 ,3-dibromopropane (1.5 equivalents). The resulting mixture was then heated 
at 80°C for 18 hours. After cooling, the liiixture was filtered, concentrated, 
and diluted with water. Tlie solut'on was then extracted with CH2CI2 (3 x) and 
the combined organic layers were concentrated to give a solid that was then 
washed with pentane. LCMS m/z 275.1 (MH+), Rf2.74 minutes. 

[0477] An acetonitrile solution of the bromide prepared above, an 
amine, e.g., pyrrolidine (5 equivalents), CS2CO3 (2 equivalents) and Bu4Ni 
(0.1 equivalents) was heated at 70'C for 48 hours. The reaction mixture was 
cooled, filtered, and concentrated. The residue was dissolved in CH2CI2, 
washed with water, and concentrated to give the desired nitroamine, 2-nitr%>4- 
(3-pynolidin-1-ylpropoxy)phenylamine. LCMS m/z 266.2 (MH+), R< 1.51 
minutes. The nitroamine was reduced as in Method 1 to provide the cmde 
product which was used witfiout further purification. 

Method 7 
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[04781 To a suspension of 6-chloro-3-nitropyridin-2-amine (1 
equivalent) in acetonitrile was added an amine, e.g. morpholine (4 
equivalents). The resulting reaction mixture was stinBd at ZO^'C for 5 hours. 
The solvent was evaporated under reduced pressure, and the residue 
triturated with ether to provide the desired compound as a bright yellow 
powder LC/MS m/z 225.0 (MH+), R/ 1.79 minutes. The nitroamine was 
reduced as in Method 1 to provide the crude product which was used without 
further purification. 

Method 8 

At ci^^^-^NHa K2CQ3 Ar-o'^^'^NHz 

[0479] A phenol (1 equivalent) and 5-chloro-2-nitro aniline (1 
equivalent) were dissolved in DMF, and solid KzCOs (2 equivalents) was 
added in one portion. The reaction mixture was heated at 120''C overnight. 
The reaction noixture was cooled to room temperature, most of the DMF was 
distilled off, and water was added to the residue to obtain a precipitate. The 
solid was dried and purified by chromatography on silicagel (2-10% 
MeOH/CH2Cl2) to afFord the desired product The nitroamine was reduced as 
in method 1 to give the crude product that was used without further 
purification. 



Method 9: 




NO2 



^ qAA,. tea O 



'NH2 

[0480] Morpholine (1 equivalent) and 5-chloro-2-nitroanaine (1 
equivalent) were dissolved in OMF, and TEA (2 equivalents) was added. The 
reaction mixture was heated at 120''C overnight. The reaction mixture \a»s 
then cooled to room temperature, most of the DMF was distilled off. and water 
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was added to the residue to obtain the cnide product as a precipitate. The 
solid was dried and purified by chromatography on silica gel (2-10% 
MeOH/CH2Cl2) to afford the desired product, &-morpholin-4-yl-2-nitro- 
phenylamine. 

[0481] The various 2-amlno benzoic acid starting materials used to 
synthesize isatoic anhydrides may be obtained from commercial sources, 
prepared by methods known to one of skill in the art, or prepared by the 
foltowing general methods. General isatoic anhydride synthesis methods are 
described in J. Med. Chem. 1981, 24 (6), 735 and J. Heterocyd. Chem. 1975, 
12(3), 565. 

Method 10: 

f^^^^ ^- ^ f^^^ H2SO4 ^ ^f^C02H 

MeO-^^NOa 2.CUCN Mec/^NOz ^^O MeQ-^^NOa 

10% Pd/C ^ j^s^COzH Bn(Me)3NBr3 Brv,^rVj^C02H 

NH4OH,50C MeO''^'^NH2 CaC03.DCM. MeO^^^NHo 

MeOH 

4 5 

[0482J Compounds 1-3 were made using similar procedures to those in 
U.S. Patent No. 4,287,341 which Is herein incorporated by reference in Its 
entirety for all purposes as if fully set forth herein. Compound 3 was reduced 
using standard hydrogenatton condifions of 10% Pd/C in NH4OH at 50»C over 
48 hours. The product was precipitated by neutralizing with glacial acetic 
add, filtering, and washing with water and ether. Ytelds were about 50%. 
Compound 5 was prepared in a manner similar to that disclosed in U.S. 
Patent No. 5,716,993 herein incorporated by reference in its entirety for all 
purposes as if fully set forth herein. 
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Method 11; 



1. Iodine, 



NH2 2.NaOH3N CI^'^^^NH, 
3. aq. HQ ^ 



1. Iodine, 
^ Ag2S04. 



^K^COzMe EtOH l\Js,^CX)2H 



1. Iodine, 
Ag2S04, 

^j^COaMe EtOH Iv.^s^J^Y'COaH 

F^^==^NH2 2.NaOH3N p-'^^r 
3. aq. Ha 



NH, 



[0483] Icxjination of aniline containing compounds: lodination was 
accomplished using a procedure similar to that set forth in the following 
reference which is herein incorporated by reference in its entirety for all 
purposes as if ftilly set forth herein: J. Med. Chem. 2001 , 44, 6, 917-922. 
The anthranilic ester in EtOH was added to a mixture of silver sulfate (1 
equivalent) and I2 (1 equivalent). The reaction was typically done after 3 
hours at room temperature. The reaction was filtered through CeVrte and 
concentrated. The residue was taken up in EtOAc and washed with aqueous 
saturated NaHCOa (3x), water (3x), brine (1x). dried (MgS04), filtered, and 
concentrated. The crude product (~5 g) was dissolved in MeOH (60-100 mL), 
NaOH 6 N (25 mL). and water (250 mL). The reactions were typically done 
after heating at 70-80°C for 4 hours. The reaction mixture was extracted with 
EtOAc (2x), neutralized with acpieous HCI, filtered to collect the solids, and 
the solid products were washed with water. The producte were dried in 
vacuo. 



wo 2004/018419 



PCTAJS2003/02S990 



-267- 






DMF.O^C . MeOH 



2-Amino-6-methoxy-benzonitrile 

[0484] The title compound was prepared from 2,6-dinitrobenzDnltrile 
following literature procedures set forth in the following references which are 
herein Incoiporated by reference In their entirety for all purposes as if fiilly set 
forth herein: Hams, V.N.: Smith, C; Bowden, K.; J. Med. Chem. 1990, 33, 
434; and Sellstedt. J. H. etaf. J. Med. Chem. 1975, 18, 926. LC/IVIS m/z 
405.4 (MH+), 1 .71 minutes. 



Method 13: 

2-Amino-4-fIuorobenzenecarbonitrlie 

[0486] The title compound was obtained from commercially available 2- 
nitro-4-fluorobenzenecart5onltrile via reduction with SnCl2 in concentrated HCi 
as previously described in the following reference which is herein incorporated 
by reference in its entirety for all purposes as if folly set forth herein: 
Hunziker, F. et Al. Eur. J. Med. Chem., Chim. Then 1981, 16{5), 391. GC/MS 
m/z: 1 36.1 (M+, 1 00%). R| 9.26 minutes. 

Method 14: 



2-Amino<^-fluorbbenzenecarbonltrile 

[0486] The title compound was synthesized from commercially 
available 2-nitro-5-fIuorobenzenecartx)nitrile via reduction with SnOz in 
concentrated HCI as previously described in the following reference which is 
herein incorporated by reference in its entirety for all purposes as if folly set 
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forth herein: Hunzlker, F. etal. Eur. J. Med, Chem.. Chim. Ther. 1981, 16(5), 
391. GOMS m/z: 136.1 (M*. 100%). R, 8.87 minutes. 





Method 15: 



CN 

Cone, aq. NH4O H 
CH3CN, r.t, 3d 

[0487] The depicted compounds were synthesized following a 
procedure in WO 97/14686 which is herein incorporated by reference in its 
entirety for all purposes as if fully set forth herein. 2,4,6-Trifluorobenzonitrile 
was dissolved in a mixture of CH3CN and concentrated aqueous NH4OH (1:2) 
and stimed at room temperature for two days. The reaction mixture was 
concentrated and extracted with CH2a2. The organic iextracts were collected, 
dried (Na2S04), and evaporated to afford an approximately 1:1 mixture of 2- 
amino-4,6-difluoro benzonltrile and 4-amino-2,6-dlfluorobenzonltnie. The 
desired 2-amino-4.6-difluoio t)enzonitrile was Isolated by column 
chromatography on silicagel (EtOAc/Hexanes 1 :2) as the compound with 
higher Rf; LC/MS m/z 155.1 (MH+). R, 2.08 minutes; GC/MS m/z 154.1 (M+). 
Rt 9.35 minutes. 



MethodlS: 

2-Aniino-6-trilluoromethylbenzenecarbonitrIle 

[0488] 2-Fluoro-6-trifluoromethylbenzenecarbonitrile was heated at 
100X in a saturated solution of NH3 in EtOH overnight The reaction mixture 
was concentrated and the residue was purified by column chromatography on 
silicagel (EtOAc/Hexanes 1 :5), to obtain the title compound as a white solid. 
GC/MS m/2 186.1 (M+), Rt 10.1 minutes. 



wo 2004/018419 



PCT/US2003/025990 



:269- 

Method 17: 

5'*Acetyl-*2-amlnobenzenecarbonitriIe 

[0489] The title compound was obtained from commerdally available 
precursors as described in GoidI, J. O. and Claus, T. H,, U.S. pat. No. 
4,814,350 which is herein incorporated by reference in its entirety for all 
purposes as if ftjlly set forth herein. GC/MS m/z: 160 (M+, 45%), Rf 15.04 
minutes; LC/MS m/z: 161.2 (MH+), 1.75 minutes. 

Method 18: 

Dimethyl(1,4oxazaperhydroep!n-2-ylmethyl)amine 

[0490] The title compound was obtained from 3-aminopropan-1-ol 
according to the synthetic route outlined above for (2S,5R)-2- 
[dimethylamino(methyl)]-5-methylmorpholine (see also: Harada H. eta\ Chem. 
Pharm. Bull., 1995, 43(8), 1364 and Freifelder. etal, J. Am. Chem. Soc, 
1958, 80, 4320 which are both hereby incorporated by reference in their 
entirety for all purposes as if fully set forth herein). LC/MS m/z 159.1 (MH+). 
R/ 0.39 minutes. 

Method 19: 



F.^^^CN V 



H 



step 1: 2-Nltro-5-(3-acetamido)phenoxybenzene carbonltriie 

[0491] 5-Fluoro-2-nitrobenzenecarbonitriIe and 3-acetamidophenol 
were dissolved in DMF, and solid K2CO3 (2 equivalents) was added in one 
portion. The reaction mixture was heated at IZO^'C overnight. The reaction 
mixture was cooled to room temperature, most of the DMF was distilled off 
and water was added to the residue. The solid thus obtained was filtered off 
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and dried to afford the desired product LC/MS m/z: 298.1 (MH+). 2.55 
minutes. 

Step 2: 2-Ainino-5-(3-acetamido)phenoxybenzene carbonitrile 

[0492] 2-NttrD-5-(3-acetamido)phenoxybenzene cart}onitrfle was 
dissolved in EtOH, and 10% Pd/C was added. The reaction flasic was 
evacuated and purged with H2 three times. The reaction mixture was stirred 
under 1 atm of H2 ovemight, then filtered and concentrated. The residue was 
purified by chromatography on silicagel (2-5% l\4eOH/CH2Cl2) to aflbrd the 
desired product. LC/I\/IS mfz: 268.2 (I^H+), ^ 228 minutes 

Method 20: 




R-NH2 



Hunig^ base 
ACN, 80 'C 
Ovemight 



[0493] 3^1 H-Benzoimldazol-2-yl)-6-chloro4-hydroxy-1-(4-methoxy- 
benzyl)-1H-quinolin-2-one (1) (1 equivalent) was suspended in methylene 
chloride or chlorofonn (0.01 M) in the presence of pyridine (20 equivalente). 
The mixture was wanned to ensure maximum solubilization, the mixture was 
then cooled to -5»C and triflic anhydride (8 equivatents) was added dropvwse. 
The reaction mixture was stirred at -5-C until the reaction wais comptete (1 to 
4 hours), and saturated aqueous NaHCOa was added. The aqueous phase 
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was extracted with CH2a2, and the organic extracts were collected, washed 
with 1 M citric add solution (x1). 1 M NaHCOa solution, water (x1), and dried 
over Na2S04. The solvent was evaporated under reduced pressure to afford 
the title compound, 6-chloro-1-{(4-methoxyphenyt)methyQ-2-oxo-3-{1- 
[(trifluoromethyl)sulfonyi]-benzlmidazol-2-yl}-4-hydroquinolyl 
(trifluoromethyl)sulfonate (2). as a solid. 

[0494] A solution of 6-chloro-1 -I(4-methoxyphenyl)methyl]-2-oxo-3-{1- 
[(trifluoromethyl)suIfonyll-l>en2lmldazol-2-yl}-4-hydroquinolyl 
(trifluorDrT»ethyl)sulf6nate (2) (1 equivalent), an appropriate amine (1.2 
equivalents), and Hunig's base (4 equivalents) in acetonitrile (0.15 M), was 
heated at SO'C for 20 hours. The reaction mixture was cooled to room 
temperature, diluted with EtOAc, washed with saturated aqueous NaHCOa, 
water, and brine, and dried over Na2S04. The organic solution was 
concentrated and the product thus obtained (3) was directly used in the next 
step. Compound 3 was dissolved in a mixture of trifluoroacetic acid and 
concentrated HCI (7:1) and heated at SO'C ovemight The reaction mixture 
was cooled to room temperature, and then water was added. The aqueous 
solution was washed with EtOAc and then made basic by addition of 
saturated NaHCOa. The precipitate thus fomied was collected by filtration, 
washed with water, and dried to afford the desired product, (4). 



Method 21: 




[0495] The crude methyl ester (1) was dissolved in a 1 :1 mixture of 
EtOH and 30% aqueous KOH and stirred ovemight at 70''C. The reaction 
mixture was then cooled and addified with 1 N HCI to give a precipitate. The 
solid was filtered, washed with water and dried to obtain 2-(4-amino-2-oxo- 
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1,2KllhydroquinoIln-3-yl)-1Af benzlmidazole-e-carboxylfc acid as a brown 
solkJ. LC/MS m/z: 321.1 (MH+). Rt2.26 minutes. 

10496] A mixture of 2-(4-amino-2-oxo-1.2-dihydroquinolin-3-yl)-1«. 
benzimldazole-6-carboxyljc acid (1 equivalent) the amine (1 equivalent), EDO 
(1-(3-dimethylaminopropyl>^tt)ylcarbodilmide hydrodiloride, 1.2 
equivalents), HOAT (l-hydroxy-Z-azabenzotriazoIe. 1.2 equivalents) and 
triethylamlne (2.5 equivalents) In DMF, was stirred at 23''C for 20 hours. The 
reaction mixture was partitioned between water and ethyl acetate. The 
combined organic layers were dried (Na2S04) and concentrated. Water was 
added and the precipitate thus fbnned was filtered off and dried to afford the 
desired amide product (2). 

Method 22: 

[0497] A 7-Fluoroquinolinone derivative In a 8 M solution of MeNH2 in 
EtOH:NMP (1:1), was submitted to microwave In-adiation 4 times for 5 
minutes at 220'C. After cooling, water was added, and the mixture was 
extracted with EtOAc. The organic extracts were collected and dried over 
Na2S04. Evaporation of the solvent under reduced pressure and purification 
of the residue by reverse phase preparative HPLC afforded the desired 
product. Other primary and secondary amines were used neat, 1:1 with NMP. 

Method 23: 



Pd(dppOa2/Cl2CH2 

Y = B(OH)2orSn(nBu)3 

[0498] Conversion of the 0€ or C-7 halides to an aryl group was 
accomplished using standard Suzuki or Stille procedures such as described 
below. 
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[0499] Suzuki Method: To a 1 dram (4 mL) vial was added sequentially 
the quinolone (1 equivalent), boronic add (1.2-1.5 equivalents), Pd(dppf)Cl2, 
a2CH2 (0.2 equivalents), DMF (0.5 - 1 mL), and TEA (4 equivalents). The 
reaction was flushed with argon, capped, and heated at 85»C for 12 hours. 
Once complete, the reaction was cooled to room temperature, and filtered 
with a syringe filter disk. The dear solution was then neutralized vwth TFA (a 
couple of drops) and Injected directly onto a preparative HPLC. The products 
were lyophilized to dryness. 

[05001 Stille Method: To a 1 dram (4 mL) vial was added sequentially 
the quinolone (1 equivalent), tin reagent (1.8 equivalent), Pd(dppf)a2 . CI2CH2 
(0.2 equivalents), and DMF (0.5 - 1 mL). The reaction was flushed with 
argon, capped, and heated at 60-85*C for 4 hours. Once complete, the 
reactfon was cooled to room temperature, and filtered with a syringe filter disk. 
The dear solutfon was then neutralized with TFA (a couple of drops) and 
Injected directly onto a preparative HPLC. The products were lyophilized to 
dryness. 

Method 24: 




X,X'=F.CI.I 
Y = NH, O, S 



[0501] A dihaloquinolone such as a difluoroqulnolone (12-1 5 mg) was 
placed in a 1 dram (2 mL) vial. NMP (dry and pre-purged with argon for 5 
minutes) was added to the vial (0.5 mL). A selected amine reagent (40-50 
mg) was added next. If the amine was an HOI salt, the reaction was 
neutralized with TEA (~1 .2-1 .5 equivalents). The reaction was purged again 
with argon for about 5 seconds, and Immediately capped. The reactton was 
typically heated In a heating block at 90-95''C for 18 hours. The reactton was 



wo 2004/018419 



PCTAJS2003/025990 



-274- 

foltowed by HPLC or LCMS. After taking samples for HPLC, the vial was 
purged with argon again and capped. Some coupling partners took 24 or 48 
hours to reach completion. Ljess nudeophillc amines like pynole required the 
addition of a strong base to reach completion. In these cases, cesium 
cartmnate (2 equivalents based on the amine used) was added to the 
reaction. Once complete, the reaction was cooled to room temperature, and 
filtered with a syringe filter disk. The clear solution was then neutralized with 
TFA (a couple of drops) and Injected directly onto a preparative HPLC. The 
products were lyophilized to dryness. 

Example 1: Sy nthesis of 4-Amlno-3-benzimlda2ol-2-vi-644- 
methvlp|perazlnv|)hvdrooulnolln-2-one 

Step 1 : Ethyl 2-benzimIdazol-2-ylacetate 

[0502] A solution of 1 .2-phenylenedlamine (1 .0 equivalent) and ethyl 3- 
ethbxy-3-lminopropanoate hydrochloride (1.3 equivalents) in ethanol was 
stined at 90»C overnight. The reaction was cooled to room temperature and 
the solvent was removed in vacuo. Water and CH2CI2 were added to the 
residue. The organic layer was separated, dried over Na2S04 and the solvent 
removed. The solid recovered was used without purificatton. LC/MS m/z 
205.2 (MH+), R, 1 .44 minutes. 

Step 2: 5-(4-Methylplperazlnyl)-2-nitrobenzenecarbonltrile 
[0503] 5-Fluoro-2-nitrDbenzenecarii)onitrile (1 .02 equivalents) and N- 
methylpiperazine (1.0 equivalents) were dissolved in NMP. Triethylamine (2.1 
equivalents) was added, and the resulting solution heated at 100'C for 1 hour. 
The solution was cooled to room temperature and poured into HI2O. A 
precipitate fonned which was filtered to yield the desired product as a green 
solid. LC/MS m/z 247.3 (MH+). R, 1 .46 minutes. 

Step 3: 2-Amino-5-(4-methylpiperazinyl)benzenecarbonitrlie 

[0504] 5-(4-Methylpiperazinyl)-2-nitroben2enecarbonltrile (1.0 
equivalent) was dissolved in EtOAc. The flask was purged with nitrogen, and 
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10% Pd/C (0.1 equivalents) was added. The flask was evacuated and purged 
with H2 three times. The resutting mixture was stirred for three days at room 
temperature. The mixture was filtered through Celite and the filter pad was 
washed with EtOAc. The solvent was removed in vacuo to give a yellow solid 
which was purified by sHica gel chromatography (5:1 :95 l^^eOHrEtsN.EtOAc) to 
give the desired product as a yellow solid. LC/MS 21 7.3 (IV1H+). 0.95 
minutes. 

Step 4: 4-Amlno-3-benzlmldazol-2-yl-6-(4- 
methylpiperazlnyl)hydroqulnolln-2-one 

[05051 Ethyl 2-l)enzimidazoI-2-ylacetate (1 .1 equivalents) and 2-amino- 
5-(4-methylpiperazinyl)l)enzenecart)onltrile (1.0 equivalent) were dissolved in 
1,2-dichIoroethane, and then SnCl4 (1 1 equivalents) was added. The mixture 
was heated at reflux overnight Upon cooling, the mixture was concentrated 
in vacuo. NaOH (3 U) was added to the solid, and the mixture heated at 80°C 
for 0.6 hours. The solldLwas filtered and washed sequentially with H2O, 
CH2CI2, and acetone. LC/MS Indicated that the product was present in the 
acetone layer and the solid. These fractions were combined and purified by 
silica gel chromatography (5-10% MeOH in CH2CI2 with 1% EtaN) to give the 
desired product. LC/MS m/z 375.4 (MH+). R/ 1 .65 minutes. 

Example 2; Synthesis of 4Amlno.3.benzlmldazol-2-vl-5-/2^norohoHn^- 

vlethoxv)hvdroaulnolln-2.Qne 

Step 1: 6-AmIno-2-(2-moipholln-4-yiethoxy}benzenecarbonItr1le 

[0506] 4-(Hydroxyethyl)nrK)rpholine (1 .02 equivalents) was added to 
NaH (1.2 equivalents) in NMP. After 10 minutes, 6-amino^2- 
fluorobenzenecarbonitrile (1.0 equivalent) was added in NMP. The resulting 
rnixture was heated at 100'C for 1 hour. The mixture was then cooled and 
poured into H2O. The aqueous layer was extracted with EtOAc. The 
combined organic layers were washed with brine, dried over Na2S04, filtered, 
and concentrated in vacuotoa yield a brown gum. The cnide material was 
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purified by silica gel chromatography (5:1:95 MeOHrEtaN.EtOAc) to give the 
desired product. LC/MS 248.3 (MH-i-). R{ 1.26 minutes. 

Step 2: 4*Amino-3-benzlmldazol-2-yl-5-(2Hfnorpholin*4- 
ylethoxy)hydroqulnolln-2-one 

[0507] The title compound was synthesized as described in Example 1 
(Step 4), using 6-amino-2-(2-morphoIin-4-ylethoxy)benzenecari[K)nitri! 
LC/MS m/z 406.4 (MH+). Rr1.67 minutes. 

Example 3: Synthesis of 4-Amino-3-f5-(2-morphoHn-4- 
vlethoxv^benzlmtdazol-2-vn-6-nltrohvdroQUlnolln-2-one 

Step 1: 4-(2-Morpholin-4-:^ethoxy)-2-nitrophenylamine 

[0508] Diisopropyl azodicarboxylate (1 .1 equivalents) was added 
dropwise to a stin-ed solution of 4-amino-3-nitrophenol (1.0 equivalent), 
triphenylphosphine (1.1 equivalents), and N-(2-hydroxyethyl)morpholine (1.0 
equivalent), in THF at 0°C. The mixture was allowed to warm to room 
temperature and left to stir for 18 hours. The solvent was evaporated and the 
product was purified by silica gel chromatography (98:2 CH2Cl2:MeOH) to 
yield a dark reddish-brown oil. LC/MS /n/z 268.0 (MH+), 1.01 minutes. 

Step 2: 4-(2-Morpholin-4-ylethoxy)benzene-1,2-diamine 

[05091 To a solution 4-(2-morpholin-4-^ethoxy>-2-nitr6phenylamine (1 .0 
equivalent) in EtOH was added Pd/C (0.1 equivalents). The reactron vessef 
was repeatedly purged with hydrogen, then stirred under a hydrogen 
atmosphere (1 atm) for 18 hours. The product was filtered through a Celite 
plug, and the plug washed with EtOH. The diamine was used without 
purification. LC/MS /rvi 238.3 (MH+), 0.295 minutes. 

Step 3: Ethyl 2H[5-(2-inorphplin-4-ylethoxy)benzfmIdazol-2-yl]ac6tate 

[0510] The title compound was synthesized as described in Example 1 
using 4-(2-morpholin-4-ylethoxy)benzene-1 ,2-diamine. The organic layer was 
concentrated and the residue was purified by silica gel chromatography 
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(10:1:2 CH2Cl2:MeOH:EtOAc) to yield a dark reddish brown oil. LC/IVIS m/z 
334.4 (MH+) Rtl.08 minutes. 

Step 4: 4-Ainlno-3-[5-(2-morpholln-4^Iethoxy)benzimIda2ol-2-yl]^- 
nitrohydroqulnolln-2-one 

[051 1] The title compound was synthesized as described In Example 1 
(Step 4). using ethyl 2-[5-(2-morpholln-4-ylethoxy)ben2imidazol-2-yl]acetate 
and 5-nitroanthranilonitrile. The crude product was purified by silica gel 
chromatography (5-10% MeOH in CH2CI2 with 1 % EtaN) to give the desired 
product. LC/MS /w^z 451 .2 (MH+), R, 1 .89 minutes. 

Example 4: Synthesis of 4-Ami no-5-f2-morpholin-4-vlethoxv>-3-rS-/2- 
morphoHn-4-Ylethoxv)-benzlm ldazol-2-vllhvdroautnolin-2^nA 

[0512] The tiUe compound was synthesized as described in Example 1 
(Step 1), using ethyl 2-[5-(2-morpholln-4-ylethoxy)benzlmidazol-2-yl]acetate 
and 6-amino-2-(2-morpholin-4-ylethoxy)benzenecarbonftrile. LC/MS m/^z 
535.4 (MH+), R, 1 .44 minutes. 

Example 5: Synthesis of r2./4-amino-2^yQ/a. 
hydroqutnolvl))ben2fmlda2ol.5.vl|. N.N-dimethvlcarboxamlde 

Step 1: 2.[(EthoxycarbonyI)methyllbenzImIdazoIe-5<arl>oxyIlc acid 
[061 3] The title compound was synthesized as described in Example 1 
using 3,4-diaminobenzolc acid. The crude material was purified by silica gel 
chromatography (5:95 MeOH:CH2Cl2) to afford the desiiBd product as a white 
to off-white solid. LC/IVIS itVz 249.1 (MH+), 1.35 minutes. 

Step 2: Ethyl 2-[5-(N,N-dimethylcarbamoyl)benztmidazol-2-yl]acetate 

[0514] 2-[(Ethoxycaribonyl)methyl]benzlmidazole-5^rboxyllc acid (1 .0 
equivalent) was dissolved in THF. HBTU (1.1 equivalents) and 
diisopropylethylamine (2.0 equivalents) were added, followed by 
dimethylamine (2.0 M in THF. 1.1 equivalents). The reaction was stin-ed at 
room temperature overnight then concentrated and the resulting residue was 



wo 2004/018419 



PCTAJS2003/02S990 



-278- 



purifled by silica gel diromatogiaphy (5:95 MeOHiCH^ph) to affoid the 
desired compound. LCMS m/z276.2 (IVIH+), R(1.18 minutes. 



Step 3; t2-(4^mlno4K>xo(3+ydroqulnoIyI))benzimldazol-5irl]^^,N- 
dimethylcarboxamlde 

P515I The title compound was synthesized as descritTed in Example 1 
(Step 4). using ethyl 2-[5-(N.NWimethylcart>amoyl)benzimida2ol-2-yl]acetate 
and anthranilonitrile. The resulting solid was collected by filtration and 
washed with water followed by acetone to affbid the desired product as a 
white solid. LC/MS m/z 348.3 (MH+), 1 .87 minutes. 

Example 6; Synthesis of a- Amlno-a-TS^moroholin-d. 
ylcarfaonvl)benamldazol.2.Ynhvdroomnniin.9^«» 

[051 6] 2-[(Ethoxycarbonyl)methyi]benzlmfdazole-5-carboxylic acid (1 .0 
equivalent) was dissolved in THF. HBTU (1.1 equivalents) and 
diisopropylethylamine (2.0 equivalents) were added, followed by morphollne 
(1.1 equivalents). The reaction was stined at room temperature for 3 days 
then concentrated and purified by silica gel chromatography (5-10% 
methanol/dichloromethane). The product-containing fractions were 

concentrated and dissolved in anhydrous 1.2.dlchlorDethane. Anthranilonitrile 
(1.0 equivalent) was added followed by SnCU (5.0 equh^lents) and the 
reaction was heated at 90'C overnight. The reaction mixture was ' 
concentrated and the resulting residue was renJIssolved In NaOH (2 M) and 
heated at 90'C for 4 hours. After cooling to room temperature, the resulting 
solid was collected and washed with water followed by acetone to afford the 
desired product LC/MS m/z390.2(MH+),R, 1.95 minutes. 
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Exampte 7: Synthesis of 4^rmw 3.r5-f2-thfenvHbenzfmlriayni.9- 
vnhvdroQufaoiln.2^nft 

Step 1: 4-Bromobenzene-1,2-diamine 

[0517] A solution of 4-bromo-2-nitroaniline (1.0 equivalent) and SnQz 
(2.2 equivalents) in EtOH vi^as heated at reflux for 3 hours. After this time, the 
solution was poured onto Ice. brought to pH 1 0 with 2 M NaOH and extracted 
vinth EtaO. The combined organic layers were dried over MgS04 and 
concentrated. The resulting brown oil was purified by silica gel 
chromatography (0-50% EtOAcrhexanes) to provide a light yellow solid. 
LC/MS m/z 187.1 (MH+), 1.33 minutes. 

Step 2: 2-Nitro-4-(2-thienyl)phenylamlne 

[0518] 4-Bromobenzene-1 ,2-diamtne (1 .0 equivalent) and NaaCOs (2.0 
equivalents) were dissolved in DMF/H2O (5:1) at room temperature. Nitrogen 
was bubbled through the reaction mixture for 5 minutes and PdCl2(dppf)2 (0.1 
equivalents) was added. After stimng at 23-C for approximately 10 minutes, 
2-thiopheneborDnlc acid (1.1 equivalents) In DMF was added and the reaction 
was heated at 90X for 12 hours. After this time, the solution was 
concentrated and partitioned between EtOAc and H2O. The layers were 
separated and ttie aqueous layerwas extracted wfthEtOAc. The combined 
organic layers were dried over MgS04 and concentrated under reduced 
pressure. The resulting black residue was purified by silica gel 
chromatography (0-20% EtOAchexanes) to yield an orange solid. LC/MS 
m/z 221.1 (MH+), R, 2.67 minutes. 

Step 3: Ethyl 2^5-(2.thienyl)benzlmldazoI-2-ylIacetato 

[0519] 2-Nitro-4-(2-tiiienyl)phenylamine (1.0 equivalent) and 10% Pd/C 
(0.1 equivalents) were suspended in anhydrous EtOH at room temperature. 
The reaction flask was evacuated and subsequentiy filled witii H2. The 
resulting mixture was allowed to stir under a hydrogen atmosphere for 3 
hours. Ettiyl 3^oxy-3-iminopropanoate hydrochloride (2.0 equivalents) was 
flien added and the resulting mixture was heated at reflux for 12 hours. After 
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this time, the solution was filtered through a plug of Celite, concentiated, 
dissolved in 50 mL of 2 N HCI and washed with CHzCla. The aqueous layer 
was brought to pH 12 with concentrated NH40H(aq) and extracted with 
CH2Ci2. The combined organic layers were dried with MgS04 and 
concentrated to yield a brown oil which was purified by silica gel 
chromatography (5:95 MeOH:CH2C(2) to provide a yellow solid. LC/MS m/z 
287.1 (MH+). 1.98 minutes. 

Step 4: 4nAmino-3-(5-(2-thfenyObenzimfdazol-2-yqhydroquinolfn-2-one 

[0520] The titie compound was synthesized as described in Example 1 
(Step 4), using ethyl 2-[5-(2-thienyl)benzimidazol-2-yI]acetate and 
anthranilonitrile. LC/MS m/z 359.2 (MH+), Rt 2.68 minutes. 

Example 8; Synthesis of 4-Amino-3-l5-ri-f1.2.4-triazolvmben2imidazol-2- 

vl>hvdroquInolln-2-one 

Step 1: 5-Fluoro-2-nitrophenylamine 

[05211 The synthesis was perfonned according to Method 1. The crude 
product was purified by flash chromatography on silica gel (85:15 
hexanes:EtOAc, product at Rf = 0.32, contaminant at Rf= 0.51). GC/MS m/z 
156.1 (M+), Rt 11.16 rrtinutes. 

Step 2: 2-MitrY)-5-[1-(1,2,4-triazolyl)]phenylam!ne 
[0522] 5-Ruoro-2-nitrophenylamine (1 .0 equivalent), ^H'^ ;2,4-triazole 
(3.0 equivalents) and NaH (3,0 equivalents) in IMP were heated at 100°C for 
1 hour. The solution was cooled to room temperature and slowly poured onto 
ice water. The resulting precipitate was filtered and dried under vacuum to 
yield the desired product The resulting solid was recrystallized from EtOH to 
afford pure product as a bright yellow solid. LC/MS m/z 206.2 (MH+), R, 1 .88 
minutes. 
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Step 3: Ethyl 2-{5-[1-(1^,4-triazolyl)]benzimidazol-2-yl}acetate 

[0523] The title compound was synthesized as described in Example 7 
using 2-nltro^[1-(1,2.4-triazolyl)]phenyIamine. LC/IVIS/n^ 272.1 (MH+).Rf 
1.19 minutes. 

Step 4: 4-Amino-3-{5-{1-(1,2,4-triazolyl)]benzimidazol-2-yi}hydroqulnoli^ 
2-one 

[0524] The title compound was synthesized as described in Example 1 
(Step 4), using ethyl 2-{5-[1-(1,2,4-triazolyl)]benzimida2ol-2-yi}acetate and 
anthraniionitrile. The caide solid was collected and purified by silica gel 
chromatography (92:7:1 CHaCbiMeOHiEtaN). LC/MS m/z 344.3 (MH+), Rf 
2.01 minutes. 

Example 9: Synthesis of 4-Amino-6-chloro-3'f5-m6rpholln^" 
vlbenzimldazoN2'-vnhvdroqulnolIn-2-one 

iV-(4-Chloro-2-cyanophenyl)-2-(5-morpholin-4-ylbenzfmldazoU2- 
yl)acetamide 

[0525] LiHMDS (2.5 equivalents) was added to ethyl 2-[5-(2-morpholin- 
4-'ylethoxy)ben2imidazol-2-yl]acetate (1 .0 equivalent) in THF at -78^C. After 
1 hour, 2-amino-5-chlorobenzenecarbonitrile (0.82 equivalents) in THF was 
added. The reaction was allowed to wamn to 23''C and stinred ovemight. The 
resulting mixture was quenched with NH4CI (aqueous saturated solution) and 
extracted with EtOAc. The combined organic layers were washed with H2O 
and brine, dried over Na2S04, filtered and concentrated in vacuo to yield a 
brown solid. The crude material was purified by silica gel chromatography 
(5:1 EtOAcrhexane) to give the desired product LCIUS mfz 396.1 (IVIH+), 
1.79 minutes. N-(4K:hloro-2-cyanophenyl>-2-(5-morpholin-4-ylben2imldazol-2- 
yl)acetamide (1.0 equivalent) was heated In NaOMe (0.5 M in MeOH. 18 
equivalents) at 70*^0 for 2 hours. The resulting mixture was cooled, and the 
resulting solid was filtered and washed with water to give the desired product. 
LC/MS m/z 396.4 (MH+), R/2.13 minutes. 
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Examote 10: Synthesis of 4<nnlno-3-f5-DlDeridvlben2lmidazol-2- 
vl)hvdroauinoHn-2«one 

Step 1: 2-Nitro-5-pfperfdylphenylainIne 

[0526] The title compound was synthesized as described in Method 1 
using piperidine (3.0 equivalents). The desired product was obtained as a 
yellow, crystalline solid. LC/MS mfz 222.2 (MH+), R# 2.53 minutes. 

Step 2: Ethyl 2-(5-piperidylbenzimidazol-2-yl)acetate 

[0527] The title compound was synthesized as described in Example 7 
using 2-nitro-5-piperidylphenylamine. The desired product was obtained as a 
yellow oil. LC/MS m/z 288.3 (MH+), 1.31 minutes. 

Step 3: 4-anfilno-3-(5-plperidylbenzlm!dazol-2-yl)hydroqulnolin-2-one 

[0528] The title compound was synthesized as described in Example 9 
using ethyl 2-(5-piperidyibenzimidazol-2-yl)acetate and anthranilonitrile. The 
acyclic amide was used crude in the NaOMe cyclization step. The desired 
product was obtained following purification by silica gel chromatography 
(96.5:3.0:0.5 CH2Cl2:MeOH:Et3N. Rf 0.2). LC/MS A72/z 360.4 (MH+), 1,83 
minutes. 

Example 11: Synthesis of 4"Amlno-3^5»r3> 
fdlniethvlamlno>Dvrrolldlnvnbenzlmldazol-2-vl>-6-chlorohvdroaufnolin-2> 

one 

Step 1: [1-(3-Aniino-4-nItrophenyl)pyrrolidln-3-yl]dimethylamine 

[0529] The title compound was synthesized as described In Method 1 
using 3-(dlmethylamino)pynnolidine (3.0 equivalents). LC/MS /m^z 251.3 
(MH+).Rf 1.25 minutes. 

Step 2: Ethyl 2-{5.I3-{dlmethylamino)pyn^olldlnyl]benzlmldazol-2- 
yl}acetate 

[0530] The title compound was synthesized as described in Example 7 
using [1"(3-amino4-nitrophenyl)pyrrolldln*3-yl]dimethylamlne. The desired 
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product was obtained as a yellow oil. LC/MS m/z 317.4 (MH+). 1 .36 
minutes. 

Step 3: 4*Amino-3-{543-(dimethylamino)pyrrolidinyl]benzImidazor-2-yi}- 
6-chlorohydroquinoIin*>2-one 

[0531] The title compound was synthesized as described in Example 9 
using 2-{5-[3-(dimethylamino)pynolidmyObenzimida2ol-2-yl}-W-(4-ch(or^^ 
cyanophenyl)acetamide. LC/MS m/z 423.4 (MH+). Rf 1.71 minutes. 

Example 12: Synthesis of 4-Amlno-345-ldimethvlamfno)benzlmldazol-2" 

vnhvdroqulnoHn-2-one 
Step 1: Ethyl 2-[5-(dlmethylamino)benzimIdazo!-2-yl]acetate 

[0532] The title compound wa^ synthesized as described in Example 7 
using (3-amlno-4-nitrophenyl)dimethylamine. The resulting tan film was 
purified by silica gel chromatography (5:1:94 MeOH:Et3N:CH2Cl2) to give the 
desired product. LC/MS 248.3 m/z (MH+), 1 .24 minutes. 

Step 2: 4»Am[no-3-[5-(dimethyIam(no)benzimidazol-2-yl]hydroqulnolIn-2- 
one 

[0533] The title compound was synthesized as described in Example 9 
using 2-[5-(dlmethylamino)benzimidazol-2-yn-/V-(2-cyanophenyl)acetamlde. 
LC/MS m/z 320.2 (MH+), Rt 1 .72 minutes. 

Example 13: Synthesis of 2"(4-Amlno-2-oxo^- 
hydroaulnolyl)benzlmldazole-5H:arbonftf1le 

Step 1 : Ethyl 2K5-cyanobenzimidazoN2-yl)acetate 

[0534] The title compound was synthesized as desaibed in Example 7 
using 4-amino-3-nitro4>en2onitrile. LC/MS m/z 230.2 (MH+), R/ 1 .29 minutes. 

Step 2: 2K4-Aniino-2-oxO'^4!ydroqu!nolyl)benzlmldazole-5-K:arbonlfrile 

[0535] The title compound was synthesized as described in Example 9 
using ethyl 2-(5-cyanobenzimidazDl-2-yl)acetate and anthranilonitrile (no 



wo 2004/018419 



PCT/US2003/02S990 



-284- 

acydic amide was observed so the NaOMe step was not needed). LC/MS 
mfz 302.3 (MH+), 2.62 minutes. 

Example 14: Synthesis of 2-f4-Amino-2-oxo^- 
hvdinoQulnolvnbenzlmidazole.5-carboxamtdine 

[0536] 2-(4-Amlno.2-oxo-3-hydroquinolyl)benzimldazole-5-carbonrtn1e 
(Example 13) (1,0 equivalent) In EtOH was placed Into a glass pressure 
vessel, cooled to O'C and HCI (g) was bubbled througii for 1 5 minutes. Tiie 
pressure vessel was then sealed, brought to room temperature and stirred 
ovemlght. The solvent was removed m vacuo. The residue was dissolved in 
EtOH in a glass pressure vessel and cooled to 0*0. NH3 (g) was bubbled 
through for 15 minutes and the pressure vessel was sealed and heated to 
80°C for 5 hours. The solvent was removed m \facuo and the crude product 
was purified by reversed-phase HPLC. LC/iy4S m/z 319.2 (MH+). R, 1.70 
minutes. 

Example 15: Synthesis of 4-Amlno^-r5.f2-morohol!n.4.viethoxv^- 
ben2imldazol-2-vnhvdroaulnolln-2'One 

[0537] The title compound was synthesized as described In Example 9 
(Step 1), using anthranilonitrile. The cmde acyclic amide was used without 
purificatfon in the NaOMe cyclization step. The cmde final product was 
purified by reversed-phase HPLC (DMSO/5% TFA). LC/MS m/i 406.4 (MH+). 
1.56 minutes. 

Example 1 6; Synthesis of 4-HvdroxY-3-f5-morpholin-4-vlbenz}mldazol-2- 

vl)hvdroquinolln-2-one 

Step 1: 5-MorpholIn-4-yl-2-nitn)phenyiamlne 

[0538] The title compound was synthesized as described in Method 9 
using morpholine LC/MS m/i 224.1 (MH+), R/ 1.89 minutes. 
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Step 2: Ethyl 2-(5-niorpholln-4-ylbenzimidazol-2-yl)acetate 

[0539] 5-morpholin-4-yl-2-nitropheny!amine (1 .0 equivalent), prepared 
as described in Method 9, and 10% Pd/C (0.1 equivalents) were suspended m 
anhydrous EtOH at room tenrtperature. The reaction flask was evacuated and 
subsequently filled with H2. The resulting mixture was stirred under a 
hydrogen atmosphere overnight. Ethyl 3-ethoxy-3-lminopropanoate 
hydrochloride (2.0 equivalents) was then added, and the resulting mixture was 
heated at reflux overnight The resulting solution was filtered through Celite 
and evaporated under reduced pressure. The residue was suspended in 
CH2CI2, and concentrated NH4OH was added until a pH of 1 1 was achieved. 
The NH4CI thus formed was Altered off. the two phases were separated, and 
the organic phase was dried over NaaSOA. Evaporation of the solvent and 
trituration of the residue with ether afforded the titie compound as a light 
green powder. LC/MS m/z 290.3 (MH+), Rf 1.31 minutes. 

Step 3: 4-Hydroxy-3-(5-morpholin-4-ylbenzimtdazol-2-yl)hydroquinolln-2- 
one 

[0540] To a solution of ethyl 2-(5-morpholin-4-ylbenzlmldazol-2- 
yl)acetate (1.0 equivalent) in anhydrous THF at-TS^'C under an atmosphere 
of nitrogen was added LiHMDS (1 M in THF, 3.1 equivalents) and Uie solution 
was stirred for 1 hour. A solution of 1-benzylbenzo[d]1.3-oxa2aperhydroine- 
2,4-dione (1.05 equivalents) in anhydrous THF was then added dropMnse and 
the resulting solution was allowed to wamn to 0°C over 1 hour. The resulting 
mixture was quenched with a saturated aqueous solution of ammonium 
diloride and the organic layer was separated. The aqueous layer was 
extracted with CH2CI2 (4 times). The combined organic layers were dried over 
Na2S04, concentrated in vacuo, and the crude material was dissolved in 
toluene and heated at reflux for 16 hours. The toluene was removed in vacuo 
and the crude material was used without furtiier purrflcation. The product was 
obtained as a white solid. LC/MS m/z 453.1 (MH+), R/ 2.91 minutes. Crude 
4-hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1-benzylhydroquino!in-2-one 
(1.0 equivalent) was dissolved in trifluoromethanesulfonic acid and heated at 
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40'C for 16 hours. The resulting solution was diluted with water and 
neutralized with 6 N NaOH (aq), whereupon a yellow precipitate formed. The 
crude solid was isolated by centrifugation and purified by reverced-phase 
HPLC to produce the desired product as a bright yellow solid. LC/MS m/z 
363.3 (MH+), R, 1 .77 minutes. 

Example 17: Synthesi s of 3-r543-amInoDViTolldlnvnbenzimldazQl-2-yl1 .4. 

hvdroxvhvdrooutnQlln-2^nB 

Step 1: A^-[1-<3-Am!no-4^itrophenyi)pyrrolidln-3«yl](tert- 
butoxy)carboxamide 

[0541 ] The title compound was synthesized as described in iVIethod 1 
using 3-(ferf-butoxycarbonylamino)pynrolidine (1.01 equivalents) with 
diisopropylethylamine (2.0 equivalents). The product was obtained as an 
orange, crystalline solid. LC/MS m/z 323.3 (MH+), R, 2.53 minutes. 

Step 2: Ethyl 2^5-{3-[(teft- 

butoxy)carbonylamlno]pyrrolidinyl}benzimidazol-2-yl)acetate 

[0542] The title compound was synthesized as described in Example 7 
using A^[1-(3-amino4-nitrophenyl)pynolidin-3-yl](ferf-butoxy)carboxamlde. 
The product was obtained as a yellow oil. LC/MS m/z 323.3 (MH+), R, 2.53 
minutes. 
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Step 3: 3-[5-(3-aininopym>Hdlnyl)benzlinldazol-2-yl]^. 
hydroxyhydroquinolin-2-one 

[05431 The title compound was synthesized following the procedure 
described In Example 16. using ethyl 2-(5^3-[(te/t-butoxy)cart)onylaminoI- 
pyrrolldlnyl}l)enzimidazol-2.yl)acetate. The product was obtained as a yellow 
solid following cleavage of the benzyl group (see procedure in Example 15). 
LC/MS m/e 362.3 (MH+), R< 1.55 minutes. 

Example 18: Synthesis of 345-CT2- 

(DlmethviamlnQ)ethvnmethvl qmrno\benrimidazol.2-vl\.^- 
hvdroxvhv droaulnolln.3^n« 

Step 1: (3-Amino-4.nltrophenyi)[2-(dlmethy!amlno)ethyl]methylamine 

[0544] The title compound was synthesized as described in Example 8 
using 1,1,4-trimethylethylenedlamine(1.01 equivalents) with 
diisopropylethylamine (2.0 equivalents). The product was obtained as a bright 
yellow, crystalline solid. LC/MS m/z 239.3 (MH+), R, 1 .29 minutes. 

Step 2: Ethyl 2-(5-{[2Kdlmethylamlno)ethyl]methylamlno}benzlmIdazo|.2. 
yl)acetate 

[0545] The title compound was synthesized as described in Example 7 
using (3-amino-4-nitrophenyl)[2-(dimethylamino)ethyIJmethylamine. The 
desired product was obtained as a yellow oil. LC/MS m/z 305.2 (MH+), 
1.17 minutes. 

Step 3: 3-(5K[2-(Dimethytamlno)ethyI]methylamlno}benzlmidazo|.2-yt).4- 
hydroxy-1-benzylhydroqulnolin-2-one 

[0546] The title compound was synthesized as described in Example 
16, using ethyl 2-(5-{I2-(dlmethylamino)ethylJmethylamino}benzlmidazol-2. 
yl)acetate. The product was obtained as a pale yellow solid. LC/MS m/z 
468.4 (MH+), R,2.26 minutes. 



wo 2004/018419 



PCTAISZ003/02S990 



-288- 

Step 4: 3-(5-a2-(DlmethylamIno)ethylImethylamlno>benzimlda2ol-2-yl)^ 
hydroxyhydroqulnolln-2-one 

[0547] The title compound was synthesized as descn^bed in Example 
16, using 3-(5-{[2-(dlmethylamlno)ethyllmethylamino}ben23midazol-2-yl)-4- 
hydroxy-1-benzylhydroqulnolIn-2-one. The cmde material was purified by 
reversed-phase HPLC to yield the product as a yellow solid. LC/MS n^z 
378.4 (MH+). R, 1.99 minutes. 

Example 19; Synthesis of 4-rf2-methQyyi> thv»aminol^.f5.momhoHn^. 
vlbenzimlda zoi.2.vllhYdroauinoiln.2-Qni> 

Step 1: 4-Chloro-3-(5-morphoirn-4-ylbenzlmldazol-2-yl)-1- 
benzylhydroqufnolin-2-one 

[0548] A solution of 4-hydroxy-3-(5-moipholin-4-ylbenzimidazol-2-yl)-1 - 
benzylhydroquinolin-2-one (1.0 equivalent) and POCI3 in a dry. round- 
bottomed flask was heated at 80«C for 2 hours. The excess POCI3 was 
removed in vacuo, and the crude material was quenched with water. The 
cmde product was collected by filtration and purified by silica gel 
chromatography (1:9 MeOH.CHzCb). 4-Chloro-3-(5-morpholin-4- 
ylben2imidazol-2-yl)-l.ben2ylhydnoquinolin-2-one was Isolated as a red solid. 
LC/MS m/z 471.4 (MH+), R<2.35 minutes. 

Step 2: 4-[(2-Methoxyethyl)amlno]-3-(5-morpholln^-ylbenzlmidazo|.2-yl)- 
1 -benzylhydroquf nolin-2-one 

[05491 A solution of 4-chlorD-3-(5-morpholin-4-ylbenzimldazDJ-2-yl)-1 - 
benzylhydrDquinolin-2-one (1.0 equivalent) and EtOH was treated with 2- 
melhoxyethyl-amine (10 equivalents) at room temperature. The resulting 
solution was heated at reflux for 16 hours and tifien the solvent was removed 
in vacuo. The crude solid was sonicated in water, filtered, sonicated in 
hexanes. and filtered again. The crude product was used without further 
purification. LC/MS /r^ 51 0.4 (MH+), R/ 2.20 minutes. 
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Step 3: 4-[(2-Methoxyethyl)amIno]-3-(5-morpholln-4-ylbenzlmidazol»2- 
yl)hydroqulnoKn-2-one 

[0550] 4-[(2-methoxyethyl)amlno]-3-(5-morpholln-4-ylbenzlmldazol-2. 
yl)-1-benzylhydroqulnolin-2-one was debenzylated using the procedure 
described in Exanfiple 1 6 to produce the title compound. LC/MS mfz 420.2 
(MH+). R, 1.57 minutes. 4-I(2-hydroxyethyl)amino]-3K5-morpholin-4- 
ylbenzimidazol-2-yI)hydroquinolin-2-one was produced as a side product (see 
below). 

Example 20: Synthesis of 4-r(2-hvdr oxvethvftaminol.3-f5-momhnitn.^ 
vlbenzlmldazol-2. Yl)hvdroaufno|gn-2-one 

[0551] The title compound was obtained as a side-product of the 

debenzylationof4-[(2-methoxyethyl)amino]-3-{5-morpholin-4-ylben2imidazol- 
2-yl)-1-benzylhydroquinolin-2-one using the procedure described in Example 
16 and was isolated by reversed-phase HPLC as a yellow solid. LC/MS m/z 
406.2 (MH+), 1 .39 minutes. 

Example 21: Synthesis of 4.nM ethoxvamlno)-3-f5-morDholin.ii- 
vlbenzlmldazol-2 .vHhvdroqulnolin-2-one 

Step 1: 4-(Methoxyamino)^-(5-morpholin-4-ylbenzlmidazol-2-yl)-1. 
benzylhydroqulnolln-2<one 

[0552] The title compound was synthesized as described in Example 
19. using 0-methylhydroxylamlne. The product was used without purification. 

Step 2: 4-(Methoxyamino)-3-(5-moipholin^ylbenzlmldazol-2- 
yl)hydroqumolin-2-one 

[0553] The title compound was obtained as a yellow solid after 
debenzylatlon of 4-(methoxyamino)-3-(5-mofpholin-4-ylbenzlmidazoI-2-yl)-l- 
ben2ylhydroquinolln-2-one using the procedure described in Example 16. 
LC/MS fn/52: 392.2 (MH+). 1.82 minutes. 
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Example 22: Synthesis of 3-(5-Moroholf n-4^vlben2tmldazol-2-vl^"443- 
plperidvlamlno)hvdroquinolin-2-one 

Step 1: feif-Butyl-3-{[3H5-moipholfn-4*ylbenzimidazol-2-yl)-2-oxo-1^ 
benzyl-44iydroquinolyl]amlno}pfperidinecarboxylate 

[0554] The title compound was synthesized as described in Example 
19 using 1-fe/t-butoxycarbony)-3-aminopiperidine. The product was used 
without purification. 

Step 2: 3-(5-Morpholin-4-ylbenzimldazol-2-yl)-4-(3- 
piperidylafnino)hydroqu!nolin-2-one 

[0555] The product was obtained as a yellow solid after debenzylation 
of fe/t-butyl-3-{[3-{5-morphol[n-4-ylbenz[midazol-2"yl)-2-oxo-.1 'ben2yl-4- 
hydroquinolyr|amino}piperidinecarboxylate using the procedure described in 
Example 16. The f-butoxycarbonyl group is removed under the reaction 
conditions. LC/MS m/z 445.4 (MH+), 1.73 minutes. 

Example 23: Synthesis of 3'-(5>Morpholln-4"VlbenzimIdazol-2"vn-4"r(3« 
p|peridvlmethvl>amliioHivdroauinolln^2"One 

Step 1: fe^^Butyl-3-({[3-(5HrnorphoUn-4-ylbenzim^dazo^2-yl)-2-oxo-1- 
benzyl-4-hydroqulnolyl]amlno}methyl)plperldlnecarboxylate 

[0556] The title compound was synthesized as described in Example 
19, using 1-fert-butoxycarbonyl-3-aminomethylpiperidine. The product was 
used without purification. 

Step 2: 3-(5'IUIorpholln-4-ylbenzlmidazol-2-yl)-4H[(3- 
piperidylmethyl)ainino]-hydroquinolln-2-one 

[0557] The title compound was obtained as a yellow solid after 
debenzylatlon of ferf-butyl-3-({[3-(5-morphoIin-4-ylbenzjmida20l-2-yl)-^^ 
benzyf-4-hydroquinoIyl]amino}methyl)plperidlnecarboxylate using the 
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procedure described In Example 16. LC/MS m/z 459.6 (MH+), 1 .71 
minutes. 

Exampre 24: Synthesis of 4-ff2-(Dlmethvlamlnotethvnamlno>-3-f5- 
moroholln-4-vlben2lmlda2oU2-vl^hvdroaulnolln>2-one 

Step 1: 4-{[2-(Dfmethylamino)ethyl]amino}-3-(5-morpholln-4- 
ylbenzimidazol-2-yl)-14)enzylhydroquinolln-2-one 

[0558] The title compound was synthesized as described In Example 
19 using 1,1-<limethylethylenedlamlne. The product was used without 
purification. 

* 

step 2: 4^2«(Diniethylainlno)ethyqamino}-3-(5-inorphoiln-4- 
ylbenzlmidazol-2-yl)hydroqulnolIn-2-one 

[0559] The title compound was obtained as a yellow solid after 
debenzylation of 4-{[2-{dimethylamlno)ethyI]amino}-3-(5-morpholln-4- 
ylbenzimidazol-2-yl)-1-benzylhydroqulnolin-2-one using the procedure 
described in Exampfe 16. LC/MS m/z 433 A (MH+), Rf 1.56 minutes. 

Example 25: Synthesis of 3-f5-Morpholln-4-vlbenzlmldazol-2-vl)-4- 
ffoxolan-2-vlmethvl>am!no1-hvdroaulnolln-2-one 

Step 1: 3-(5-Morpholin-4-ylbenzImIdazol-2-yiH-[(oxoIan-2- 
ylmethyl)amino]-1-ben:^hydroquinolln-2-one 

[05601 The title compound was synthesized as described In Example 
19 using 2-aminomethyltetrahydrofuran. The product was used without 
purification. 

Step 2: 3-(5-Morpholin-4-ylbenzimldazol-2-yl)-4-[(oxolan-2- 
ylmethyi)amlno]-hydroquinolin-2-one 



[0561 ] The title compound was obtained as a yellow solid after 
debenzylation of 3-(5-morpholln-4-ylbenzimidazol-2-yl)-4-[(oxolan-2- 
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ylmethyl)am!no]-1-benzylhydroqurnolin-2-one using the procedure described 
in Example 16. LC/IWS nwi 446.5 (MH+), R/ 2.19 minutes. 

Example 26: Synth esis of 4-fr2-fMethvlamino\ethvnamlno\-3-f5. 
morpholin- 4-vlben2imlda2ol-2'VHhvdroauinolln-2.onfl 

Step 1: 4-{[2-(Methylamino}ethyqamino}-3-(5-morpholin-4- 
ylbenzimidazol-2-yl)-1-benzythydroqumonn-2-one 

[05621 The title compound was synthesized as described in Example 
19 using 1-fe/f-butoxycart)onyl-lMTiethylethylenedlamlne. The product was 
used without purification. 

Step 2: 4-{[2-(IMethylamlno}ethyl]amino}-3-(5-morpholln-4- 
yrbenzimidazol-2-yl)hydroqulnolin-2-one 

[0563] The title compound was obtained as a yellow solid after 
debenzylation of 4-{[2-(methylamlno)ethyl]amlno}-3-(5-morphoiin-4- 
ylbenzimidazol-2-yl)-1-benzylhydroqulnolln-2-one using the procedure 
described in Example 16. The f-butoxycartx)nyl group is removed under the 
reaction conditions. LC/MS m/z 41 9.4 (MH+), R, 1.50 minutes. 
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Example 27: Synthesis of 3"(5-Moroholin-4-vlbenzlinldazol-2-vl)-4- 
(pvrrolidin-3-vlamino)hvdroqulnolln-2-one 

Step 1: feit-Butyl-3-{[3K5-morphoirn-4-ylbenzimIdazol-2-yl)-2-oxo-1- 
benzyl-4-hydroquInolyl]ainino}pyrroUdinecarboxylate 

[0564] The title compound was synthesized as described In Example 
19 using 1-ferf-butoxycarbonyl-3-aminopynolldlne. The product was used 
without purification. 

Step 2: 3-(5-Morphonn-4-ylbenzlmidazol-2-yl)-4-(pyrrolidin-3- 
yiam!no)hydroquinolin-2-one 

[0565] The title compound was obtained as a yellow solid after 
debenzylation of terf-butyl-3-{[3-(5-morpholin-4-ylbenzimida2ol-2-yl)-2-o^ 
ben2yM-hydroquinolyl]amino}pynolldinecarix)xylate using the procedure 
described in Example 16. LC/MS m^431,4 (MH+), 1.50 minutes. 

Example 28: Synthesis of 4-W2S)-2->Amlno^methvlpentvnamfaoM-f5- 
morpholtn-4-vlbenzimldazol-2-ynhydroqulnoHn-2-one 

Step 1: 4-[((2S)-2-Amlno-4-methylpentyl)amino]-3-(5-morpholIn-4- 
ylbenzimidazol-2-yi)-1-benzylhydroqulnolln-2-one 

[0566] The title compound was synthesized as described In Example 
19 using (2S)-2-tert-butoxycari3onylamino-4-methylpentylamine. The product 
was used without purification. ' ^ 

Step 2: 4-[((2S)-2«Amino-4-methylpentyl)amlno]-3-(5-morpholin^- 
ylbenzimidazol-2-yl)hydroqulnolin-2-one 

[05671 The title compound was obtained as a yellow solid after 
debenzylation of 4-[((2S)-2-amino4-methylpentyl)amino]-^(5-morpholin-4- 
ylbenzimlda2ol-2-yl}-1-benzylhydroquinolin-2-one using the procedure 
described in Example 16, LC/MS m/z 461 .4 (MH+), 1.78 minutes. 
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Example 29; Synthesis of 4-rff2S)'2»Aniino«3«methvlbutvt^amino1«^-f5- 
moroholin-4-vlben2imlda2ol-2-vl^hvdroaulnolin*2-one 

Step 1: f-Butoxycarbonyl protected 4-[((2S)-2-amIno-3- 
methylbutyl}amlno]-3-(5*morpholln-4-ylbenzlmldazol-2-yl)-1- 
beiizylhydroqulnolfn-2-one 

[0568] The title compound was synthesized as described in Example 
19, using (2S)-2-/eA/-butoxycarbonylamino-3-methylbutylamme. The product 
was used without purification. 

Step 2: 4-I((2S)-2-Amino-3-methylbutyl)aitiino]-3-(5-morpholin-4- 
ylbenzimidazol-2-yl)hydroqulnolin-2-one 

[0569] The title compound was obtained as a yellow solid after 
debenzylation of 4-[((2S)-2-amlno-3-methylbutyl)amlnol-3-(5-morpholln-4- 
ylbenzimidazol-2-yl>-1-benzylhydroquinolin-2-one using the procedure 
described in Example 16. The f-butoxycari^onyl group is removed under the 
reaction conditions. LC/MS m/z 447.5 (MH+), Rt 2.96 minutes. 

Example 30: Synthesis of 4'Amin0"3"f54norDholln^-vlbenzimida2Ol-2- 

vHhvdroauinolln-2"One 

Step 1: 4-Amino-3-(5-morpholin-4-ylbenzimidazol-'2-yl)-1- 
benzylhydroquinolin-2-one 

[0570] The title compound was synthesized as described in Example 
19, using ammonia in a sealed glass tube. The product was used without 
purification. 

Step 2: 4nAmIno-3-(5-mon>holln-4*ylbenzlmldazol42-yl)hydroquinoli^ 
one 

[0571] The title compound was obtained as a bright yellow solid after 
debenzylation of 4-amino-3-(5"morpholln-4-ylbenzimidazol-2-yl)-1- 
benzylhydroquinolin-2-one using the procedure described in Example 16 and 
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purificafion by reversed-phase HPLC. LC/MS m/z 362.3 (MH-i-), Rf 1.61 
minutes. 

Example 31; Synthesis of 3^fBen2Im^dazol-2"Vl)■4^chlo^o^1^ 
be^rvlhvclroa^l^olln^2^one 

Step 1: 3*Benzimldazol-2-yl-4-hydroxy-1-benzylhydroqulnoiin-2-one 

[0572] The title compound was synthesized as described in Example 
16, using ethyl 2-benzimldazol-2-ylacetate. The product was obtained as a 
white solid and used without furiiher purification. LC/MS m/z 368.4 (MH-^X 1^ 
2.99 minutes. 

Step 2: 3-(Benz!mldazol-2-yl)-4-chloro-1-benzylhydroquinolin-2-one 

[0573J The title compound was synthesized as described in Example 
19, using 3-benzimidazol-2-yl-4-hydroxy-1-benzylhydroquinojln-2-one. The 
caide product was used without purification. 

Example 32; Synthesis of 3-Benzlmlda2ol-2-vM- 
(methvlamino)hvdroquinolln-2-one 

[0574] The benzylated title compound was synthesized as described in 
Example 19, using methylamine and 3-(benzimidazol-2-yl>4-chloro-1- 
benzylhydroquinolin-2-one. The product was obtained after debenzylation as 
a yellow solid using the procedure described in Example 16. LC/MS m/z 
291 ,3 (MH+), 1 .64 minutes. 

Example 33: Synthesis of 3-Benzlmlda20l-2-yl-4- 
tethvlamino)hydroqulnolln-2-one 

[0575] The benz^ated title compound was synthesized as described in 
Example 19, using ethylamine and 3-(benzimidazoI-2-yI)-4-chloro-1- 
benzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 305.3 (MH+), Rf 2.01 minutes. 
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Examole 34: Synthesis of 3-BenzfmldazoN2-vl-4-rfoxolan-2- 
vlmethvnamlnolhvdroQulnolin-2'One 

[0576] The benzylated title compound was synthesized as described in 
Example 19, using 2-ammomethyltetrahydrofuran and 3-(benzimidazol-2-yl)- 
4-chloro-1-benzylhydroquinoiin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 361 .2 (MH+), R| 1.74 minutes. 

Example 35: Synthesis of 3-Benzlmldazol-2-vl-4-f(4- 
ptperidylmethynamlno1hydroaulnoHn-2K)ne 

[0577] The protected title compound was synthesized as described in 
Example 19, using 1-terf-butoxycarbonyl-4-amlnomethylpiperidine and 3- 
(benzlmidazol-2-ylH-chloro-1-benzylhydroquinolin-2-one. The title 
compound was obtained after deprotection and debenzylation as a yellow 
solid using the procedure described in Example 16. LC/MS m/z 374,3 (MH+), 
Rf 1.29 minutes. 

Example 36: Synthesis of 3-BenzlmldazoU2-yi"4-rf4-' 
fluorophenyl)amtno1hydroaulnolln"2-one 

[0578] The benzylated title compound was synthesized as described in 
Example 1 9. using 4-fluoroaniline and 3-(benzlmldazol-2-yl>4^toro-1 - 
benzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 371 .2 (MH+), R* 1 .92 minutes. 

Example 37: Synthesis of 3-Benzimidazol-2-yl-4- 
fmethoxyamino)hydroaulnorm'2-one 

3-BenzImldazol-2-yl-4-(methoxyamfno)hydroqulnolln-2K>ne 

[0579] The benzylated title compound was synthesized as described In 
Example 19. using O-methylhydroxylamine and 3-(benzimidazol-2-ylH- 
chloro-1-benzylhydroquinolin-2-one. The title compound was obtained after 
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debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 307.3 (MH+). R, 1 .77 minutes. 

Example 38: Synthesis of 3-BenzlmMa:.n|-2.vl^tonglmM^^i^- 
vlamino)hv droauinQlln.2.ftno 

3-Ben2lmldazol-2-yl-4Kbenzlmfdazol-6.ylamlno)hydroqulnolIn.2-one 

[0580] The benzylated title compound was synthesized as described In 
Example 19. using S-aminobenamidazole and 3-(ben2imidazol-2-ylH^rf,|oro- 
1-ben2ylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described In Example 16. 
LC/MS m/z 393.4 (MH+), R, 1 .41 minutes. 

Example 39; Synthesis of 3-Benzimlda7ni.9.y i.A- 
(Phenvlamino)h vdroq ulnolln-9.ftna 

3-Benzimldazol-2-yl-4^phenylamlno)hydroquliiolln.2^ne 

[0681] The benzylated title compound was synthesized as described in 
Example 19. using aniline and 3-(benzlmidazol-2-yl>4-chloro-1- 
benzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16 
LC/MS m/z 353.4 (MH+). R,2.38 minutes. 




[0582] The benzylated title compound was synthesized as described in 
Example 19. using 3-aminoquinuclidine and 3-(benzimfda2oI-2-ylH^rfiloro-1- 
benzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16 
LC/MS mlz 386.4 (MH+), R, 1 .82 minutes. 
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ExannDla 41: Svntha sis of 3^ftn2lmldazol-2-vl-4»rnniidazol.5. 
vlmethvHamlno1hvdroquinonn-2-one 

3-BeiizImfdazol-2-yl-4-[(imidazol-5-ylmethyl)amino]hydroqulnonn-2-one 

[0583] The benzylated title compound was synthesized as described in 
Example 19, using 4-aminomethyl-1W-imidazole and 3-(benzimidazol-2-yl>4- 
chloro-1-l>enzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16, 
LC/MS miz 357.4 (MH+). R, 1 .34 minutes. 

Example 42: Synt hesis of 3-Benzlmldazo|.2'Vl-4^moroholln.4. 
vlamlno)hvdrQauinolln.2-onfl 

[0584] The ben2ylated title compound was synthesized as described in 
Example 19, using 4-amlnomorphollne and 3-(benzimidazol-2-yl)-4-chIort>-1- 
benzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 362.4 (MH+), R< 1 .42 minutes. 

Example 43: Synthesis of 3-Benzlmldazol-2-vM-hvdrazinohvdroaulnolln. 

2-one 

[0685] The benzylated title compound was synthesized as described In 
Example 19. using hydrazine and 3-(benzlmldazol-2-yl)-4-chlorx>.1- 
benzylhydroquInolin-2-one. The title compound was obtained as a yellow 
solid after debenzylation using the procedure described in Example 16. 
LC/MS mfz 292.3 (MH+), R, 1 .19 minutes. 

/ Example 44; Synthesis of 3-BenzImidazol-2-vl-2-oxohvdK)aulnolinB-4- 

carbonltrila 

[0586] 3-Benzimidazol-2-yl-4-chloro-1-benzylhydroquinolln-2-one (1 
equivalent) was dissolved In DMA, and CuCN (10 equivalents) was added in 
one portion. The reaction mixture was stirred at OO'C overnight The 
resulting mixture was allowed to cool to room temperature, water was added, 
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and the orange precipitate was removed by filtralfon. The solid was treated 
with a solution of hydrated FeCIa at ZOX for 1 hour. The suspension was 
centrifuged and the solution removed. The remaining solid was washed with 
6 N HCI (2 times), saturated NaaCOs (2 times), water (2 times) and 
lyophifized. The resulting powder was dissolved in 1 mL of trifllc acid and 
heated at eO'C overnight The resulting mixture was cooled to OX and water 
was slowly added. Saturated LiOH was added dropwise to the suspension to 
a pH of 8, tiien tiie solid was filtered and washed with water (3 times). 
Purification by reversed-phase HPLC afforded the desired product. LQMS 
m/z 287.1 (MH+). ^ 1 .89 minutes. 

Example 45: Synthesis of 3-/5.6J3li nethvlb6nzlmidazol-2-vl\^a- 
Piperldvlam lno>hvdroquinolln.2-Qne 

Step 1: Ethyl 2-(5,6-dImethylbenzlmldazol.2^)acetate 

[0587] The title compound was syntfiesized as described in Example 1 
using 4.5-dimethylbenzene-1.2-diamine. The cnjde yellow oil was purified 
first by silica gel chromatography (96.5:3.0:0.5, CH2Cl2:MeOH:Et3N). and tfien 
by recrystallization from toluene to yield ttie titie compound as a pale, yellow 
solid. LC/MS nv'z 233.1 (MH+). 1.73 minutes. 

Step 2: 3-(5,6J)lmethylben2lmidazol-2-yl)-4-hydroxy-1- 
benzylhydroquinolin-2-one 

[0588] The title compound was syntiiesized as described In Example 
16. using eUiyl 2-(5,6-dimetfiylbenzimlda2ol-2-yl)acetate. The cmde material 
was purified by silica gel chromatography (98.5:1.5. CH2Cl2:MeOH) to yield 
tiie title compound as a yellow solid. LC/MS /n/z 396.2 (MH+), 3.60 
minutes. 

Step 3: 3-(5,6-Dimethylbenzimldazol-2-yl)^-chloro-1- 
benzylhydroquinolin-2-one 

[0589] The title compound was syntiiesized as described In Example 
19, using 3-(5.&dimettiylbenzimidazol-2-yI)^hydroxy-1-benzylhydioquinolln- 
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2-one. The title oompound was obtained as an orange-yellow solid. LC/MS 
m/z4U.2 (MH+), R/2.47 minutes. 

Step 4: fert-Butyl 3-{[3-(5,6-dinnethylbenzimIdazol-2-yl)-2-oxo-1-benzyl-4- 
hydroqufnolyqamino}piperidlnecarboxyiate 

[0590J The title compound was synthesized as described in Example 
19, using 1-ferf-butoxycart)onyl-3-aminopiperidine. The cmde material was 
purified by silica gel chromatography (99:1 CHaClaiMeOH) to yield the title 
compound as a yellow solid. LC/MS m/z 578.5 (MH+), R/ 3.05 minutes. 

Step 5: 3-(5,6-Dimethylbenzimldazol-2-yl)-4-(3- 
pIperldylamino)hydroqulnolin-2-one 

[0591] fe/f-Butyl 3-{[3-(5,6-dimethylbenzimida20l-2-yl)-2-oxo-1-benzyl- 
4-hydroquinolyt]amino}piperidine-carix)xylate was debenzylated as described 
in Example 16. The cmde material was purified by reversed-phase HPLC to 
yield the title compound as a light yellow solid. LC/MS m/z 388.4 (MH+). R, 
1.61 minutes. . 

Example 46: Synthesis of 4-Amino-3-{3H-Imldazor4.5-blpvridln-2- 

v»qulnolln-2M W-one 

Step 1: 3H-lmidazo[4,5-l)]pyridln-2-ylacetonltrile 
[0592] Ethyl cyanoacetate (1 .5 equivalents) and 2,3-diam|nopyridlne (1 
equivalent) were heated at 185X for 30 minutes. The reaction mixture was 
ccioled to room temperature and the black solid was triturated with ether. The 
desired product was thus obtained as a daric brown powder. LC/MS m/z 
159.1 (MH+), R,0.44 minutes. 



wo 2004/018419 



PCTA)S2003/025990 



-301- 

Step 2: Ethyl 3H-imidazo[4,5-l)]pyridIn-2-ylacetate 
[0593] 3H-lmida;a)[4,5Hb]pyridin-2-ylacetonitrile vy^s suspended in 
EtOH, and gaseous HCI was bubbled through for 3 hours. The suspension 
initially seemed to dissolve, but a precipitate started forming almost 
immediately. The reaction mixture was cooled to O'C and a cold saturated 
NaHCOs solution was carefully added. Solid NaHCOa was also added to 
bring the pH to a value of 7.6. The aqueous phase was then extracted with 
EtOAc, and the organic extracts were dried (Na2S04). After evaporation of 
the solvent under reduced pressure, the residue was purified by 
chromatography on silicagel (10% tAeOH in CH2CI2 with 1% EtaN) providing 
the desired product as a light brown solid. LC/MS /n/'z 206.1 (MH+), RtO.97 
minutes. 

Step 3: 4-Amino-3-(3H-lmidazo[4,5-b]pyridln-2-yl)qulnolIn-2(1H)-one 
[0594] LiHi\/IDS (3.0 equivalents) was added to ethyl 3H-lmidazo[4,5- 
/)]pyridin-2-ylacetate (1 .0 equivalent) in THF at -78°C. After 20 minutes, a 
solution of 2-amlnobenzenecaribonitrile (1 .1 equivalents) In THF was added. 
The resulting mixture was allowed to wann to room temperature, stinred for 3 
hours, and then refiuxed overnight. The mixture was cooled to O'C and 
quenched with an aqueous saturated NH4CI solution. A precipitate formed, 
was filtered off, and was washed repeatedly with ether to yield the desired 
compound as a light brown solid. LC/MS m/z 278.2 (MH+), Rt^.82 minutes. 

Example 47: Synthesis of 4-Amlno-3-(5-fnorDholln-4-vl«3H-imidazor4.5- 
blPvridin-2-vl)quinolin-2fim-one 

Step 1: 6-Morphoiin'4-yf-3HiItropyridin-2-amlne 
[0595] Morpholine (4 equivalents) was added to a suspension of 6- 
chloio-3-nitropyridin-2-amine (1 equivalent) in CH3CN, and the reaction 
mixture was stinred at 70X for 5 hours. The solvent was evaporated under 
reduced pressure, and the residue was triturated with ether to afford the 
desired compound as a bright yellow powder. LC/MS m/z 225.0 (MH+), 
1.79 minutes. 
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Step2: Ethyl (5-moipholin-4-yi-3//-lmiclazo[4,5-b]pyridin-2-yl)acetate 

[0596] To a solution 6-chlor(v3-nitiopyridin-2-am]ne (1 .0 equivalent) In 
EtOH was added Pd/C (0.1 equivalents). The reaction vessel was repeatedly 
purged with hydrogen and then stirred under a hydrogen atmosphere (1 atm) 
for 18 hours. Ethyl 3-ethdxy-3-iminopiopanoate hydrochloride (2.0 
equivalents) was added In one portion, and the reaction mixture was refluxed 
ovemight. The reaction mixture was cooled to room temperature, filtered 
through a Cellte plug, and the plug was washed with EtOH. After evaporation 
of the solvent under reduced pressure, the residue was purified by silica gel 
chromatography (5% MeOH in CHzCh with 1 % EtaN) providing the desired 
prcxJuct as a brown solid. LC/MS 291.3 (MH+), R, 1.71 minutes. 

Step 3: 4-Amino-3-(5-morpholin-4^l-3H-lmidazo[4,5-b]pyrld{n-2- 
yl)qulnolin-2(1H)-one 

[0597] The title compound was synthesized as described in Example 
46, using ethyl 2-(5-morpholin-4-ylImlda2olo[5.4-b]pyridin-2-yl)acetate and 2- 
amlnobenzenecaritenitrile, with a nxxiifled workup procedure.. After 
quenching with a saturated aqueous ammonium chloride solution, the two 
phases were separated and the aqueous phase extracted with EtOAc. Upon 
standing, a solid fonned and precipitated out of the organic extracts. The 
precipitate, a dari< brown solid, was filtered off and dried. Purification by 
reverse phase chromatography afforded the desired product as a reddish 
solid. LCMS m/z 363.2 (MH+), Rt2.20 minutes. 

Example 48: Synthesis of 4-Amlno.5.r/2R.6Sj.2.6-dlmethvlmorDholln.4. 
vll-3-(3H-lmldaz or4.54>lpvridln-2-v»aulnolin-2(1H>-one 

[0598] LiHMDS (3.0 equivalents) was added to ethyl 3Wmidazo[4.5- 
b]pyridin-2-ylacetate (1.0 equivalent) in THF at -78"'C. After 20 minutes, a 
solution of 2-amino-6-[(2R,6S)-2,6-dimelhylmorpholin-4-yaben2onifriIe (1.1 
equivalents) in THF was added. The resulting mixture was allowed to wami 
to room ternperature. stin'ed for 2 hours, and then it was heated to 60°C 
ovemight The mixture was cooled to 0"C and quenched with an aqueous 



wo 2004/018419 



FCT/US2003/02S990 



-303- 

saturated NH4CI solution. The aqueous phase was extracted with CHaClz (5 
times) arx] the organic extracts were coilected. dried (Na2S04). and 
concentrated. The crude product was purified by HPLC. LC/iy4S mfz 391 .2 
(IWH+),Rf 2.35 minutes. 

Example 49: Synthesis of 4-Amino-3-f5-r3-(dlmethvlamino^pvrTOiidin-1- 
vl1-3H-imldazor4.5-b1pvrldln-2-vlkiuinoiIn^(1H>-one 

Step 1: Ethyl {5-[3-(dimethylamino)pyrrolidin-1-yi]-3//-imidazo[4,5- 
l>]pyridin-2-yl}acetate 

[0599] 6-chloro-3-nitro-2-aminopyridine (1 .0 equivalent) and 3- 
(dimethylamino)pynx)lidine (1.1 equivalents) were dissolved in CH3CN and 
diisopropy!ethylamine(2.0 equivalents) was added. The reaction mbcture was 
heated at ZO'C overnight. The solution was cooled to room temperature, and 
the solvent was evaporated. The residue was triturated with ether and water 
and dried under vacuum (LC/MS m/z 252.2 (MH+), R, 1.09 minutes). The 
isolated product (1 .0 equivalent) and 10% Pd/C (0.1 equivalents) were 
suspended in anhydrous EtOH at room temperature. The reaction flask was 
evacuated and subsequently filled with H2. The resulting mixture was allowed 
to stir under a hydrogen atmosphere overnight. Ethyl 3-ethoxy-3- 
imlnopropanoate hydrochloride (2.0 equivalents) was then added and the 
resulting mixture was heated at reflux overnight. The solution was then 
filtered through Celite and evaporated under reduced pressure. The residue 
was suspended in CH2CI2 and concentrated NH4OH was added until a pH of 
1 1 was achieved. The NH4CI thus fomied was filtered off. The two phases 
were separated, and the organic phase was dried (Na2S04). Evaporation of 
the solvent and trituration of the residue witti ether gave a light green powder. 
LC/MS 111^318.1 (iyiH+), R, 1.11 minutes. 
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Step 2: 4-Amino<3K5-[3Kdimethyiamlno)pyrTolldin-1-yl]-3H-imidazo[^ 
b]pyridin-2-yl}quinolln-2(1 H)"0n6 

[0600] LiHMDS (3.5 equivalents) was added to ethyl {5-[3- 
(dimethylamino)pyTOlidin-1-yO-3H-imidazo[4,5-fc]pyridi^^^ (1 .0 

equivalent) in THF at --40*C. After 10 minutes, a solution of 2- 
aminobenzenecartx)nitrile(1.1 equivalents) in THF was added. The resulting 
mixture was allowed to warm to room temperature* stirred for 1 hour, and then 
heated to GO^'C overnight. The mixture was cooled to room temperature and 
quenched with NH4CI (aqueous saturated). The aqueous phase was 
extracted with CH2CI2 (5 times). The product crashed out of the organic 
solution during the extractions. Evaporation of the solvent under reduced 
pressure afforded a brown solid that was triturated repeatedly with MeOH and 
acetone to obtain a yellow greenish powder. LC/MS m/z 390.2 (l\/IH+), Rt 1.48 
minutes. 

Example 50: Synthesis of 4-Amino-3-MH-benzimldazol-2-vl)-5^4- 
ethvlp|perazin-1-vnQulnolln-2fim-one 

Step 1: 2-(4-EthylpIperazlnyl)-6-nitrobenzenecarbonitrlle 
[0601] 2,6-Dinitrobenzenecarbonitrile (1 .0 equivalent) and 
ethylpiperazine (3.6 equivalents) were dissolved in DMF. The resulting 
solution was heated at OO^'C for 2 hours. The solution was cooled to room 
temperature and poured into H2O. A precipitate fbmned which was filtered to 
yield tiie desired prcxiuct as a brown solid. LC/MS m/z 260.1 (MH+X 1 *69 
minutes. 

Step 2: 6-Amino-2-(4-ethylplperazlnyl)benzenecarbonitrile 
[0602] 2-(4-Ethylpipera2inyl>-6-nitrobenzenecarbonltrile (1 .0 equivalent) 
was dissolved in EtOH and EtOAc. The flask was purged with N2, and 10% 
Pd/C (0.1 equivalents) was added. The flask was evacuated and purged witii 
H2 three times. The resulting mixture was stirred ovemight at roorn 
temperature. The mixture was filtered through Cellte, and the filter pad was 
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washed vidth EtOAc. The solvent was removed in vacuo to provide the 
desired product as a yellow solid. LC/MS 231 2. {MH-^r), Rt 1 .42 minutes. 

Step 3: 4-Amlno-3-(1H-benzimidazol-2-yi)-5-(4-ethylplperazin-1- 
yl)quinolin-2(1 H)-one 

[0603] f-BuLi (3.1 equivalents) was added to ethyl 2-ben2imidazol-2- 
ylacetate (1.0 equivalent) and 6-amino-2-(4-ethylpipera2inyl) 
benzenecarbonitrile (1.0 equivalent) in THF at O'C. The reaction was stirred 
ovemight. The resulting mixture was quenched with NH4CI (aqueous 
saturated) and extracted with EtOAc. The combined organic layers were 
washed with H2O and brine, dried over Na2S04, filtered, and concentrated in 
vacuo io yield a brown solid. The crude material was triturated with Ci-l2Cl2 
and MeOH to provide a tan solid. LC/I\4S m/z 389.1 (MH+), Rf 1 .80 minutes. 

Example 51: Synthesis of 3-(1H-Benzolmldazol^2-vn■4-hvdlt>xv>^1H- 
^1 .71naphthvrldln-2-one 

Step 1; 3-r2-(MethoxvcarbonvnacetvlamlnolPvridlne-4-cartioxvHc acid 

[0604] A solution of 3-aminopyridine-4-cart)oxylic add (1 .0 equivalent), 
methyl 2-(chlorocari3onyl)aoetate (1.1 equivalents), and triethylamlne (2.0 
equivalents) In acetone was stirred ovemight at room temperature. The 
solvent was removed in vacuo. The product was used without further 
purification. LC/MS /n^z 239.2 (MH+). R( 1.40 minutes. 

Step 2: 3-(1 H-Benzoimidazol-2-yl)-4-hydroxy-1 H-[1 ,7]naphthyrldin-2-one 
[0605] 3-[2-(Methoxycarbonyl)acetylamino]pyridine-4-carboxylic acid 
(1 .1 equivalents) was combined with 1 ,2-phenylenediamine (1 .0 equivalent) 
and heated at ISO'C for 3 hours. The crude product was purified by 
reversed-phase HPLC (DI^SO/ 5% TFA). LCMS m/z 279.3 (IVIH+). R( 1.73 
minutes. 
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Example 52: Svnthosis of 44<vdroxv-3-f6-inethvl.1H-ben2ormldazol.2- 
vn-1 H-ri.71naphthvridln-2-one 

[0606] The title compound \a^s synthesized as described in Example 
50 using 3-[2-(methoxycarbonyl)acetylamino]-pyridin6-4-cartx)xylicacid and 
4-methyl-1.2-phenylenediamine. The crude product was purified by reveised- 
phase HPLC (DMSO/ 5% TFA). LC/MS m/z 293.3 (MH+), R, 1 .99 minutes. 

Example 53: Synthesis of 4-r(2-Hvdroxvethvnamino1-3-(5-morohoHn^ 
vlben2imida2ol-2-v»hvdroaulnoHn-2-one 

[0607] The title compound was obtained as a side-product of the 
debenzylation of 4-[(2-methoxyethyl)amlno]-3-(5-morpholin-4-ylben2lmlda2ol- 
2-yl)-1-benzylhydroqufnoIin-2-one (Example 52) using, the procedure 
described in Example 16 and was Isolated by reverse-phase HPLC as a 
yellow solid. LC/MS m/z 406.2 (MH+), 1 .39 minutes. 

Example 54: Synthesis of 4^IVIethoxvamrno)-3-f5-moroholln-4- 
vlbenzlmidazol-2-vnhvdroauinolin-2-one 
Step 1: 4-(Methoxyamino)-3-(5-fnorpholin-4-ylbenzimidazol-2-yl)-1- 
benzylhydroquinolln-2-one 

[0608] The title compound vras synthesized as described in Example 
19 using O-methylhydroxylamine as the nudeophile. The product was used 
without purification. 

Step 2: 4-(Methoxyamino)-3-(5Hmorpholln-4-ylbenzimIdazol-2- 
yOhydroquInolln-2-one 

[0609] The title compound was obtained as a yellow solid after 
debenzylation of 4-(methoxyamino>^5-morpholin-4-ylbenzimida2Dl-2-yl)-1- 
benzylhydroquinolin-2-one using the procedure described in Example 16. 
LC/MS m/z 392.2 (MH+), Rt 1 .82 minutes. 
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Examole 55: Synthesis of 3-/5-MorphQnn^-vlben zimidazol-2-v»-4-f3- 
piperidvlamlno^ hvdroauln olin-2-one 
Step 1: lert-Butyl-3-{[3-(5-inorphonn-4-ylbenzlmldazol-2-yl)-2-oxo-1- 
benzyl-44iydroquinolyI]amino}piperidinecarboxylate 

[061 0] The title compound was synthesized as described In Example 
19 using l-fe/f-butoxycarbonyl-S-aminoplperidlne as the amine. The product 
was used without purification. 

Step 2: 3-(5-Morpholln-4^lbenzlmlda2ol-2-yl)-4-(3-plperidylamIno) 
hydroquinolin-2-one 

[061 1] The product was obtained as a yellow solid after debenzylation 
offert-i)utyl-3-{[3-(5-morphoiln-4-ylbenzimida2ol-2-yl)-2-oxo-1-benzyl-4- 
hydroquinolyllamino}piperidlnecartJOxyIate using the procedure described in 
Example 16. The f-butoxycarbonyl group was removed under the reaction 
conditions. LC/MS m/z 445.4 (l\/IH+), Rf 1 .73 minutes. 



Example 56: Synthesis of 3-f5-MorDholln-4-v lbenzlmidazoi-2-vlV4-rf3- 
plp6ridvlmethynam1nol-hvdr oauinolln-2-one 
Step 1: Jert-Butyl-3-({[3-{5-morpholin^ylbenzlmldazol-2-yl)-2-oxo-1- 
benzyl-4-hydroqulnolyl]amlno}methyl)plperldlnecarboxylate 

[061 2] The title compound was synthesized as described in Example 
1 9 using l-fe/f-butoxycaribonyl-3-amlnomethyIplperidine as the amine. The 
product was used without puriflcation. 

Step 2: 3-{5-Morpholin-4-ylbenzlmIdazoi-2-yl)-4-[(3- 
plperidylmethyl)amlno]-hydroquinolln-2-one 

[0613] The title compound was obtained as a yellow solid after 
debenzylation of fert-butyl-3-({[3-(5-morpholin-4-ylbenzlmidazol-2-yl)-2-oxo-1- 
benzyl-4-hydroquinolyl]amino}methyl)piperidinecarboxylate using the 
procedure described in Example 16. LC/MS m/z 459.6 (MH+), R/ 1.71 
minutes. 



wo 2004/018419 



PCTAJS2003/02S990 



-308- 

Examole 57: Synthesis of 3-(5-MomholIn-4.vlb enzlmIdazol-2-vl>-4- 
rtoxolan-2-vlmethvnamino1-hvdroouinolln-2-one 
Step 1: 3-<5-Morpholin-4-ylbenzlmldazoI-2-yO-4^(oxolan-2- 
ylmethyl)amino]-1-benzylhydroquinolin-2-one 

[0614] The title compound was synthesized as described in Example 
19 using 2-aminomethyltetrahydrofuran as the amine. The product was used 
without purification. 

Step 2: 3-(5-IMorpholin-4-ylbenzimldazol-2-yl)-4-{(oxolan-2- 
ylmethyl)aniino]-hydroquinolln-2-one 

[061 5] The title compound was obtained as a yellow solid after 
debenzylation of 3-(5-morpholln-4-ylben2imidazol-2-yl)-4-[(oxolan-2- 
ylmethyl)amino]-1-ben2ylhydroqulnolin-2-one using the procedure described 
In Example 16. LC/IVIS /7i/z 446.5 (l\/IH+). Rf 2.19 minutes. 

Example 58: Synthesis of 3-f5-Morphoiln-4-vlbenzlmidazol-2-vn-4- 
fpvrroildin-3-ylamino^hydroauinolin-2-one 

Step 1: fert-Butyl-3-{I3-(5-morpholin^-ylben2lmIdazol-2-yi)-2-oxo-1- 
benzyl'4-hydroquinolyl]amino}pyrroiidinecarboxylate 

[0616] The title compound was synthesized as described In Example 
19 using 1-<erf-butoxycarbonyl-3-aminopyrrolldlne as the amine. The product 
wias used without purification. 

Step 2: 3- (5-l\/lorphoiln-4-ylbenzimidazol-2-ylH-(py'^''olldln-3- 
ylamino)hydroqulnolin-2-one 

[061 7] The title compound was obtained as a yellow solid after 
debenzylation of feff-butyl-3-{[3-{5-morpholln-4-ylbenzimldazoi-2-yl)-2-oxo-1- 
benzyl-4-hydroquinolyl]amino}pyrrolidlnecarboxylate using the procedure 
described in Example 16. LCMS m/z4Z1A (MH+). R( 1.50 minutes. 
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Example 59: Synthesis of 3-BenzlmIda2olT2-vl-4« 
tethvlamlno^hvdroaulnoHn-2one 
[0618] The benzylated title compound was synthesized as described in 
Example 19 using ethylamine as the amine and 3-(benzimidazol-2-yl)-4- 
chloro-1-benzylhydroquinoiin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 305.3 (MH+), Rt 2.01 minutes. 

Example 60: Synthesis of 3-Ben2lmida2o[-2-vl-4-rfoxolan-2* 
vlmethynamino1hydroauinolin-2-one 

[0619] The ben2ylated title compound was synthesized as described in 
Example 19 using 2-aminomethyltetrahydrofuran as the amine and 3- 
(ben2imida2ol-2-yl)-4-chl6ro-1-ben2ylhydroquinolin-2-one. The title 
compound was obtained after debenzylation as a yellow solid using the 
procedure described in Example 16. LC/MS m/z 361 .2 (MH+). Rf 174 
minutes. 

Example 61: Synthesis of 3-Benzimidazol-2-yl-4-r(4" 
PiPeridylmethynamino1hydroquinoHn-2"One 

[0620] The protected title compound was synthesized as diescribed in 
Scheme 1 1 using 1-fe/f-butoxycarbonyl-4-aminomethylpiperidine as the 
amine and 3-(benzimidazol-2-ylH-<^hloro-1-benzylhydroquinolin-2-one. The 
title compound was obtained after deprotection and debenzylation as a yellow 
solid using the prx)cedure described in Example 16. LC/MS m/z 374.3 (MH-f ), 
Rf 1 .29 minutes. 

Example 62: Synthesis of 3-Benzimldazol-2-yl-4-ff4- 
fluorophenyl)amlno1hydroqulnoHn-2-one 

[0621] The benzylated title compound was synthesized as described in 
Example 19 using 4-fluoroaniline as the amine and 3-(benzimidazol-2-yl>4- 
chloro-1-benzylhydroquinolln-2-one. The title compound was obtained after 
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debenzylation as a yellow solid using the procedure described in Example 16. 
LC/MS m/z 371 .2 (MH+). 1 .92 minutes. 

Example 63: Synthesis of 3-Benzimidazol-2-vl-4-> 
(methoxvamlno)hvdroqulnolin-2"One 

[0622] The benzylated title compound was synthesized as described in 
Example 19 using O-methylhydroxylamine as the amine and 3-(benzimidazol- 
2-yl)-4-chloro-1-ben2ylhydroqulnolln-2-one. The title compound was obtained 
after debenzylation as a yellow solid using the procedure described in 
Example 16. LC/I\^S m/z 307.3 (MH+), Rj 1.77 minutes. 

Example 64: Synthesis of 3-Benzlmidazol-2-vl-4-fbenzimidazol-6- 
vlamIno)hvdroauinolin-2-one 
[0623] The benzylated title compound was synthesized as described in 
Example 19 using 6-amlnobenzimidazo!e as the amine and 3-(benzimida2ol- 
2-yl)-4-chloro-1-benzylhydroquinolin-2-one. The title compound was obtained 
after debenzylation as a yellow solid using the procedure described in 
Example 16. LC/MS /n/z 393.4 (MH+). 1.41 minutes. 

Example 65: Synthesis of 3-Benz}mldazoN2«vl-4» 
(phenvlamino)hvdroauinolin-2-one 

[0624] The benzylated title compound was synthesized as described in 
Example 19 using aniline as the amine and 3-(benzimldazol-2-yl>4-chloro-1- 
benzylhydroquinolin-2-one. The title compound was obtained after 
debenzylation as a yellow solid using the procedure described in Example 16. 
LC/iWS m/zZbZA (MH+), Rf2.38 minutes. 
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Example 66: Synthesis off 3-Benzimidazol-2-vl-4-fqulnuclldln^- 
vlamlno)hvdroqulnolln-2'One 

[0625] The benzylated title compound was synthesized as described in 
Example 19 using S-aminoquinudidine as the amine and 3-(benzimidazol-2- 
yl)-4-chloro-1-benzylhydroquinolin-2-one. The title compound was obtained 
after debenzylation as a yellow solid using the procedure described in 
Example 16. LC/MS m/z 386.4 (MH+), Rt 1.82 minutes. 

Example 67: Synthesis of 3-BenzimldazoN2-vl-4-r(lmidazol-5^ 
ylmethynamtno1hydroqulnolin»2'K)ne 

[0626] The benzylated title compound was synthesized as described in 
Example 19 using 4-aminomethyl-1H-imidazole as the amine and 3- 
(benzimidazol-2-yl)-4-chloro-1-benzylhydroquinolin-2-one. The title 
compound was obtained after debenzylation as a yellow solid using the 
procedure described In Example 16. LC/MS m/z 357.4 (MH+). Rf 1.34 
minutes. 

Example 68: 3-Benzlmldazol-2-y|-4-(morpholln-4-ylamlno)hvdroaulnolin- 

2-one 

[0627] The benzylated title compound was synthesized as described in 
Example 19 using 4-aminomorpholine as the amine and 3-(benzimidazol-2- 
yl)-4-chlorD-1-benzylhydroquinolin-2-one. The title compound was obtained 
after debenzylation as a yellow solid using the procedure described in 
Example 1 6. LC/MS m/z 362.4 (MH+), Rt 1 .42 minutes. 

Example 69: Synthesis off 3-Benzlmidazol-2>y|-44iydrazinohvdroaumolln- 

2-one 

[0628] The benzylated title compound was synthesized as described In 
Example 19 using hydrazine as the nucleophile and 3-(benzimldarol-2-yl)-4- 
chloro-1-benzylhydroquinolln-2-one. The title compound was obtained as a 
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yellow solid after debenzylation using the procedure described in Example 16. 
LC/MS m/z 292.3 (MH+), R|1.19 minutes. 

Example 70: Synthesis of 3-(5.6-Dimethvlben2imida2ol-2-vn-4-f3- 
piperidvlamino)hvdroquinolln-2-one 
Step 1: Ethyl 2-(5,6-dImethylbenzimidazol-2-yl)acetate 
[0629] The title compound was synthesized as described in Example 
16 using 4,5-dimethylbenzene-1 ^-diamine as the diamine. The crude yellow 
oil was purified by silica gel chromatography (96.5:3.0:0.5, 
CH2Cl2:IVIeOH:TEA), and then by recrystailization from toluene to yield the title 
compound as a pale, yellow solid. LC/iy4S 233.1 (l\4H+), R, 1.73 minutes. 

Step 2: 3-(5,6-Dimethylbenzlm{dazol-2-yl)-4-hydroxy-1- 
benzylhydroqufnolfn-2-one 

[0630] The title compound was synthesized as described in Example 
16 using ethyl 2-(5,6-dimethyibenzimldazol-2-yl)acetate. The crude material 
was purified by silica gel chromatography (98.5:1.5, CH2Cl2:MeOH) to yield 
the title compound as a yellow solid. LC/MS m/z 396.2 (MH+), R/ 3.60 
minutes. 

Step 3: 3-(5,6-Diniethylbenzimidazol-2-yi)-4-chloro-1- 
benzylhydroqufnolin-2-one 

[0631] The title compound was synthesized as described in Example 
19, using 3-(5,6-dimethylbenzimidazol-2-yl)-4-hydroxy-1-benzylhydroqulnolin- 
2-one. The title compound was obtained as an orange-yellow solid. LC/IVIS 
m/z 414.2 (MH+), R,2.47 minutes. 

Step 4: feit-Butyl 3-{[3-(5,6-dimethylbenzrmfdazol-2-yl)-2-oxo-1-benzyi-4. 
hydroquinolyl]amino}piperidinecarboxylate 

[0632] The title compound was synthesized as described in Example 
19, using 1-/e/f-butoxycarii}onyt-3-aminopiperidine as the amine and 3-(5,6- 
dimethylbenzimidazol-2-yl)-4-chlono-1-benzylhydroqulnplin-2-one. The crude 
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material was purified by silica gel chromatography (99:1 CH2Cl2:MeOH) to 
yield the title compound as a yellow solid. LC/MS m/z 578.5 (MH-i-), R, 3.05 
minutes. 

Step 5: 3-(5,6-DImethylbenzjmidazol-2-yl)-4-(3- 
piperidylamlno)hydroqulnolln-2-one 

[0633] feff-Butyi 3-{[3-(5.6-dlmethylbenzimidazol-2-yl}-2-oxo-1 -benzyl- 
4-hydroquinolyqamlno}piperidine-cart)oxylate was debenzylated as described 
in Example 16. The cmde material was purified by reversed-phase HPLC to 
yield the title compound as a light yellow solid. LC/MS m/z 388.4 (MH+), R( 
1.61 minutes. 

Example 71; Synthesis of 4-rf3S)-1-Azablcvclor2.2^1oct-3-vlamino1-3- 
M H-toenzimldazol-2-vl)-6-f4-niethoxvphenvnau1nolln-2f 1 H)-one 
[0634] A vial was charged with the hydrochloride salt of 4-[(3S)-1 - 
a2ablcyclo[2.2.2Joct-3-ylamino]-3-(1H-benzimida2ol-2-yl)-6-bromoquinolin- 
2(1H)-one (1.0 equivalent) and 4-methoxyphenyl boronic acid (1.3 
equivalents). To this solution was added DME and 2 M aqueous Na2C03 
(10%). The mixture was degassed by bubbling argon through the solution for 
5 minutes. Pd(dppf)2Cl2.CH2Cl2 (0.2 equivalents) was then added to the 
degassed solution. The mixture was heated at OO^C for 16 hours, and the top 
organic layer was separated and filtered. The solvent was removed, and the 
residue was purified by reverse phase HPLC affording the desired product 
IVIS/ra^z 492.6 (M+H). 

Example 72; Synthesis off 4Jr3S^-1 •Azablcvclor2.2.21oct'3^lamlno1.3. 
M H-benzlmida2ol-2-vlV-6-(44iydroxyphenyHquinoHn-2M HVone 

[0635] 4-[(3S)-1 -azablcyclo[2.2.2]oct-3-ylamino]-3-(1 H-benzimidazol-2- 
yl)-6-(4-methoxyphenyl)quinolin-2(1H)-one (Example 70) was dissolved in 
30% HBr/AcOH and heated at eO^C until the reaction was complete. The 
resulting mixture was allowed to cool, and it was then neutralized with 2 M 
NaOH. The resulting mixture was extracted with EtOAc, and the organic 
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layers were dried over Na2S04, filtered, and evaporated under reduced 
pressure. The residue was purified by reverse phase HPLC to give the 
desired product MS m/z 478.6 (M+H). 

Example 73: Synthesis of 4-rff3S\-Qulnuclidln'3-vl)amlno1-3- 
benzimidazol-2-vl-6-chloro-hvdroDvrldinor3.4-bTpvridin-2-one 

Step 1: Methyl 5H[(feit-butoxy)carbonylamino]-2-chloropyridlne-4> 

carboxylate 

[0636] 5-{(fe//-butoxy)carbonylamino]-2-chloropyridine-4-carboxyllc acid 
(1 equivalent) was dissolved in THF and MeOH. The mixture was heated to 
50°C to completely dissolve the sterling material. The solution was then 
cooled to CC. and TMSCHN2 (2 M In THF, 2 equivalente) was added. The 
reaction was allowed to wanm to room temperature and stin-ed ovemight. The 
reaction was the concentrated to yield the methyl ester (100 %) as a brown 
solid. 

Step 2: Methyl 5-{(fert-butoxy)-N-{(4- 

methoxyphenyl)methyl]carbonylamino}^-chloropyridine-4-carboxylate 

[0637] NaH (60% In oil, 1 .5 equiyalents) In a round bottom flask was 
washed with hexanes to remove mineral oil. DMF was then added to the 
washed NaH. A solution of methyl 5-[(te/f-butoxy)carbonylamlno]-2- 
chloropyridine^4-carboxylate (1 equivalent) In DMF, in an addition funnel, was 
added to the mixture of NaH in DMF followed by stining at room temperature 
for 1 5 minutes. The mixture was heated at 50°C for 1 .5 hours. The reacHon 
was then cooled to room temperature, and 4-me1ho)ybenzyl chloride (1 .3 
equivalente) dissolved in DMF was added through an addition funnel. The 
reaction was stinred ovemight at 50°C. Upon cooling, water was added to the 
reaction mixture. Ethyl acetete was then added, and the mixture was stinred 
for 15 minutes. The aqueous layer was extracted with ethyl acetete. The 
organic layers were combined, washed with water and brine, dried over 
MgS04, filtered, and concentrated to yield methyl 5-{(tert-butoxy)-N-{(4- 
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methoxyphenyl>-methyO<arbonylamino)-2-chloropyridine-4-carboxylate(81 
%) as a brown oil. 

Step 3: Methyl 2-chloro-5-{(4-methoxyphenyl)methyl]amlno}pyridIne-4- 
carboxylate 

[0638] To a solution of crude methyl 5-{(ferf-butDxy)-N-[(4- 
methoxyphenyl)methyOcart)onylamino}-2-chloropyridine-4-carboxylate(1 
equivalent) in CH2CI2. was added 1 M HCI (2 equivalents). The reacUon was 
stirred overnight and then concentrated to yield crude methyl 2-chloro-5-{(4- 
methoxyphenyl)methyl]-amino}pyridine-4-carboxylate (80 %). 

Step 4: 2-Chloro-5-{[(44nethoxyphenyl)methyl]amlno>pyrldlne-4- 
carboxylic acid 

[0639] To a solution of methyl 5-{(feif-butoxy)-N-[(4-methoxyphenyl)- 
methyl]carbonylamlno}-2-chloropyridine-4-carboxylate (1 equivalent) In 
MeOH, was added an aqueous solution of NaOH (3 equivalents). A 
precipitate formed immediately. The reactfon was heated until the solution 
was clear and was then stin^ed for 1 hour at room temperature. Aqueous citric 
acid (1 M) was then added causing ttie product to crash out of solution. The 
product was then collected to afford ttie tiUe compound in 77 % yield. 

Step 5: 6-Chloro-1-[(44nethoxyphenyl)methyl]pyridinoI3,4-d]-1,3- 
oxazaperhydroine<{,4Klione 

[0640] To a solution of 2-chIoro-5-([(4-mettioxyphenyl)metiiyl]- 
amino}pyridlne-4-carboxylic acid (1 equivalent) in dioxane, was added 
phosgene^luene (excess). The reaction was stinred overnight and then 
evaporated to yield the desired product (63%). 

Step 6: 3-Benzimidazol-2-yI-6-chioro^ydroxy-1-[(44nethoxyphenyl)- 
methyl]hydropyridino[3,4-blpyrldln-2-one 

[0641] To a solution of ethyl 2-benzimidazol-2-ylacetate (1 equivalent) 
in DMF and THF (2:1) at -78'C, was added LiHIVIDS (3 equivalents) dropwise. 
After being stin^d for 1 hour, a solution of 6-chloro-1-((4- 
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methoxyphenyl)methyl]pyridino-[3,4-d]-1 ,3K)xazaperhyclroln©-2,4-dlone In 
DMF and THF (1 :2) was added dropwise, and the reaction was sb'ned for 1.5 
hours. The reaction was quenched with aqueous NH4CI and allowed to warm 
to room temperature. The aqueous phase was extracted with EtOAc, and the 
organic layers were combined, washed with H2O and brine, dried over 
l\/lgS04, and concentrated. Toluene was added to the residue, and the 
reaction was refluxed ovemight. The mixture was then cooled allowing the 
product to crash out. The reaction was filtered, and the product was washed 
with toluene and EtOH to give the product (45 %). 

Step 7: 6-Chloro-1-[{4-methoxyphenyl)methyl]-2-oxD-3-{1- 
[(trlfIuoromethyl)sulfonyl]-benzlmldazol-2-yl}hydropyridlno[3,4- 
b]pyridln-4-yl (trffluoromethyl)sulfonate 

[0642] A solution of 3-benzlmldazol-2-yl-6-chloro-4-hydroxy-1 -{(4- 
methoxyphenyl)methyl]hydropyridino[3.4-b]pyridin-2-one (1 equivalent) in 
CH2CI2 was cooled to -lO'C, and pyridine (16 equivalents) was added. 
Trifluoromethane-sulfonic anhydride (8 equivalents) was then slowly added 
dropwise, using a syringe, so that Uie temperature did not exceed -4'>C. The 
reaction was stined for 2 hours at-4'»C. The reaction was allowed to warm to 
room temperature and stined untH clear (4 hours). The reaction was then 
quenched with saturated NaHCOa. The organic layer was washed with 
saturated aqueous NaHCX)3, 1.0 M citric acid, H2O, saturated aqueous 
NaHCOa, H2O, and brine. The organic layer was dried over MgS04, filtered, 
and concentrated to yield the product (96%) as a yellow solid. 

Step 8: 4-I((3S)-Quinuclidln-3-yl)amino]-6-chloro-1-[(4- 
methoxyphenyl)methyll-3-{1-[(triffIuoromethyl)sulfonyl]ben2lmidazol-2- 

yl}liydropyridino[3,4-b]pyridin-2-one 

[0643] To a solution of 6-chloro-1 -((4-methoxyphenyl)methyl]-2-oxo-3- 
{1-[(trifluorometiiyl)sulfbnyIlbenzlmidazol-2-yl}hydropyridino[3,4-b]pyridin-4-yl 
(tr|fluoromethyl)sulfonate (1 equivalent) In CH3CN was added trietiiylamine (4 
equivalents), followed by the (3S)-aminoqulnuclldine (3 equivalents). The 
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reaction was then stirred at 80'*C for 2 hours. The reaction was cooled to 
room temperature and evaporated. The crude material was carried on to the 
n^ step. • 

St^ 9: 4H((3S)-Quinuclidin-3-yl)amino]-3-benzlmIdazol-2-yl-6-chloro- 
hydropyridlno[3,4-b]pyridin-2-one 

Cnide 4-[((3S)quinucridin-3-yl)amino]-6-chloro-1-[(4- 
methoxyphenyl)methyl]-3-{1-[(trifluorornethyl)sulfonyllbenzimldazol-2- 
yl}hydropyridino[3,4-b]pyridin-2-onewas dissolved in a mixture of TFA and 
HQ (8:1 ratio, premixed). The reaction was stin-ed overnight at SO'C. The 
reaction was then cooled to room temperature, and the solvent was 
evaporated. The crude product was neutralized and subsequentiy purified 
using prep HPLC. The combined fractions from the prep. LC were made 
basic with NaOH first and then with NaHC03(sat) causing the free base to 
precipitate. After 30 minutes, the precipitate was collected and washed 
several times with water. The predpilate was placed in a flasl<, and a solution 
of H2O/CH3CN (1:1) was added. To fliis solution was added HCI (1 M), and 
the solution was iyophiiized to yield the product salt (17 % over 2 steps). MS 
m/z421.9 {M+H). 

Example 74: Synthesis of 4-(RW1-Aza-btcvclor2.2^1oct-3-viamino)-3-f1H- 
benzolmidazoi-2-vn-6-(1 .2.3.6-tetrahvdro-pvrldln-4-vn-1 H-aulnolln-2-ohe 

Step 1: 4(R)-[4H1-Aza-blcyclo[2^^]oct-3-ylamlno)-3-(1H-benzolmidazol- 
2'yl)-2-oxo-1 ,2-dlhydro-quIno!in-6-yq-3,6-dihydro-2H-pyridine-1 - 
carboxylic acid feft-4>iityl ester (3). 




3 
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[064^ For simitar procedures see the following reference, herein 
Incorporated by reference in its entirety for all purposes as if fiilly set forth 
herein, and references therein: Eastwood, P.R. Tetrahedron Letters 2000, 
41, 3705-3708. The palladium catalyst, Pd(dppf)2Cl2.CH2Cl2 (6 mg, 0.007 
mmol) was added In one portion to a stin-ed and argon sparged (1 minute) 
solution of 6-iodoquinolinone (1) (25 mg, 0.049 mmol) and 4-trimethylstannyl- 
3,6-dihydro-2H-pyridlne-1-carl)oxylic acid fe/t-butyl ester (2) (24 mg, 0.069 
mmol) In DMF at room temperature. The reaction heated to 85"'C under 
argon for 2 hours. The product was purified by prep. HPLC using a reverse 
phase Ultro 120 C18 column running a 2% gradient (AcCN/water, 0.1% TFA). 
The purified fractions were lyophillzed to dryness to give 6 mg of white 
powder in 21% yield and >97% purity. 



Step 2: 4-(R)-(1-Aza-b!cyclo[2.2.2]oct-3-ylamino)-3-(1H-benzoimidazDl-2- 
yl)-6-(1 ,2,3,64etrahydro-pyrldln-4-yl)-1 H-quinolin-2-one 




[0646] 1 M aqueous HCI (1 mL) was added to lyophilized Boo- 
piperidine quinolone (3) powder (5 mg, 0.009 mmol). The resulting solution 
was stined for 3 hours at SO'C. The product was purified by prep. HPLC 
using a reverse phase Ultro 120 CI 8 column running a 2% gradient 
(AcCN/water, 0.1 % TFA). The purified frachons were lyophilized to dryness 
affording 4 mg of white powder in 78% yield and >98% purity. 
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Example 75; Synthesis of 4-/R)-f1-Aza-b ^cvclo^2.2.2^oct■3^lamino^■3■nH^ 
benzoimldazol■2^vl)-6.7-d^hvdroxv-1H-Q^inoHn-2-one 



Dimethoxyquinolone (1) powder (20 mg, 0.045 mmol) In an 8 mL vial. The 
vial was capped, and the resulting solution was stinred for 2 days at 40°C. 
The progress of the reaction was monitored by HPLC and LCMS. More BCI3 
was added if needed. The reaction was concentrated to dryness, and the 
residue was dissolved in DIVISO (1 mL). The product was purified by prep. 
HPLC using a reverse phase Ultra 120 C18 column mnning a 2% gradient 
(AcCl^ater, 0.1% TFA). The purified fractions were lyophilized to dryness to 
give 6 mg of white powder in 32% yield and >98% purity. 




[0647] 



BCI3 (1 M In CH2CI2) (5 mL) was added to 6.7- 
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Exaniple 76: Synthesis of 4-^R)■f1-Aza■b^cvclo^2^2^^oct^3^vlamino^■3■(1H^ 
benzolm^dazol^2■vn^7^fnloroholine■4^carbonvl)^1H-q^inolin-2^one 




Step 1: 4-Bromo*2-nitro-benzoic acid 

[0648] A modification of a procedure in the following reference which is 
herein incorporated by reference in its entirety, for all purposes as if fully set 
forth herein, was used: Boojamra, C.G.; Burow, K.M.; Thompson, LA.; 
Ellman, J.A. J. Org. Chem., 1997, 62. 1240-1256. A solution of NaNOa (1.9 g, 
27.4 mmol) In water (65 mL) was added to a stinted solution of 4-amino-2- 
nitro-benzoic acid (1) (5 g, 27.4 mmol) in aqueous 48% HBr (40 mL) and 
water (82 mL) at O^'C. The cloudy reaction mixture turned into a clear orange- 
yellow solution after about 1 5 minutes. After stim'ng for 25 minutes, the 
solution was added dropwise to a solution of CuBr (5.2 g, 36.3 mmol) in 
aqueous 48% HBr (90 mL) at OX. A yellow foam developed and gas was 
evolved from the purple-brown mixture. After stimng at 0°C for 1 hour, the 
mixture was concentrated under reduced pressure. The aqueous layer was 
extracted with EtOAc (4 x 300 mL) which was dried with Na2S04 and 
concentrated to dryness giving a dark solid. The cmde product was filtered 
through a plug of florisil (--20 g) eluting with EtOAc. The combined organic 
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fractions were evaporated to approx 200 mL and washed with 1 M HCI (2x50 
mL). brine (50 mL), dried with Na2S04» filtered and concentrated to dryness 
giving 6.1 g of a light yellow solid product (2) in 91% yield and >90% purity by 
HPLC. 

Step 2: 2-Am[no-4-bromo-benzofc acid 

[0649] A modification of a procedure in the following reference herein 
incorporated by reference in its entirety, for all purposes as if fully set forth 
herein, was used: Boojamra, C.G.; Burow, K.M.; Thompson, L.A.; Ellman, 
J.A. J. Org. Chem., 1997. 62. 1240-1256. A solution of (NH4)2Fe<"\S04)2*6 
H2O (24,4 g, 63 mmol) in water (60 mL) was added to a stirred solution of 4- 
bromo-2-nitro-benzoic add (2) (3.05 g, 12.45 mmol) in concentrated aqueous 
NH4OH (40 mL) at room temperature. The iron sulfate solution flask was 
washed with an additional portion of water (20 mL) which was added to the 
reaction. After 16 hours, the reaction had changed from a daric green solution 
to a rusty-brown mixture which was filtered through a plug of Celite and 
washed with concentrated aqueous NH4OH (80 mL) and water (4 x 80 mL). 
The combined aqueous fractions were acidified to plH 1-2 with aqueous 
concentrated HCI and extracted with EtOAc (4 x 500 mL). The organic 
fractions were evaporated under reduced pressure to a brown solid. The 
crude product was dissolved in EtOAc (300 mL)» washed with water (40 mL), 
brine (40 mL), dried with Na2S04, filtered, and concentrated to dryness giving 
2.47 g of product (3) as a brown solid in 91% yield and >90% purity by HPLC. 

Step 3: 4-(R)-(1-Aza-bicyclo[2.2.2]oct-3-ylamino)-3-(1H-benz6imidazol-2- 
yl)-7-bromo-1 H-qulnolin-2-one 

[0650] The (R)-quinolone 4 was prepared using the standard methods 
described in the other Examples set forth herein. 
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Step 4: 4-(R)-(1-Aza-bicyclo[2.2.2]oct-3-ylamino)-3-(1H-benzolmidazol-2- 
yl)-2K>xo-1,2-dlhydro-qulnollne-7-carbonitriie 

[0651 1 A modification of a procedure described in the following 
reference incorporated iierein in its entirety, for all purposes as if fully set forth 
herein, was used: Anderson, B A; Bell, E.G.; Ginah, F.O.; Ham, N.K.; Pagh, 
LM.', Wepsiec, J.P. J. Org. Chem., 1998, 63, 8224-8228. A mixture of 6- 
brDmo-(R)-quinolone (4) (99 mg, 0.21 mmol), KCN (85 mg, 1.3 mmol), Cul (70 
mg, 0.37 mmol). Pd(PPh3)4 (207 mg. 0.18 mmol) in THF (20 mL) and 
CH3CH2CN (5 mL) was sparged with dry argon (1 minute) and sonicated until 
a homogeneous cloudy yellow suspension was formed. The reaction was 
stirred under argon at 85''C for 4 days until complete as determined using 
HPLC and LCMS. The millcy greenish-yellow mixture was filtered, and the 
filter was washed with AcCN (100 mL). The filtrate was evaporated under 
reduced pressure to give a yellow solid. The crude product was dissolved in 
DMSO (1 mL). The product was purified by prep. HPLC using a reverse 
phase Ultro 120 C18 column running a 1% gradient (AcCNAwater. 0.1% TFA). 
The purified fractions were then lyophilized to dryness to give 60 mg of 5 as a 
white solid In 70% yield and 98% purity. 

Step 5a: 4-(S)-(1-Aza-bicyclo[2.2.2]oct-3-ylamlno)-3-(1H-benzoimidazol-2- 
yl)-2-oxo-1,2-dihydro<|uInoline-7'Carboxylic acid 

[0652] A solution of 6-cyano-quinolone (5 (S» (12 mg. 0.029 mmol) in 
TFA (3.75 mL), aqueous concentrated HQ (1.25 mL) and water (2.5 mL) was 
stinred at 75''C for 20 hours. LCMS analysis showed the fonnation of the 
product add (6) and the prinnary amide. The yellow solution was stinred at 
75°C for an additional 20 hours until most of the primary amide was 
hydrolyzed. The reaction was evaporated under reduced pressure to give a 
yellow glass. The crude product was dissolved in DMSO (1 mL). The product 
was purifed by prep. HPLC using a reveree phase BDX C18 (20 x 50 mm) 
column mnning a 3% gradient (AcCNMater. 0.1% TFA). The purified 
fractions were lyophilized to dryness to give 2.5 mg of yeltow solid 6 (S) in 
1 6% yield and >95% purity. 
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Step 5b: 4-(R)-(1-Aza4)icyclo[2.2.2]oct-3-ylamlno)^-<1H-benzolmidazol-2- 
yi)-2-oxo-1 |2-dihydro-qulnollne*7-carboxyllc acid 

[0653] A solution of 6-cyano-quinolone (5 (R)) (56 mg, 0.136 mmol) In 
TFA (7.5 mL), aqueous concentrated HCI (5.0 mL), and water (2.5 mL) was 
stinred at 85X for 40 hours. HPLC and LCMS analysis showed the formation 
of the product acid (6 (R)) 85% and the primary amide about 1 5%. The yellow 
solution was evaporated under reduced pressure to give a yellow solid. The 
crude product was lyophilized from AcCN/water (1:1) twice to give 51 mg of 
yellow solid as the TFA salt in 69% yield and 85% purify. 

Step 6: 4-(R)-(1-Aza-bicyclo[2^.2]oct-3-ylamino)-3-(1H-benzoimidazol-2- 
yl)-7-(morpholIne-4-carbonyl)-1H-quinoiin-2-one 

[0654] Morpholfne (30 pL, 0.34 mmol) was added to a pre-mixed (20 
minutes of stinring) solution of 6-cari30xy-(R)-quinolone (6) (15 mg, 0.035 
mmol). HBTU (19 mg, 0.05 mmoO, and DIEA (18 pL, 0.1 mmol) in NMP (0.5 
mL). After stining 12 hours, the cmde product was purified by prep. HPLC 
using a reverse phase BDX C18 column running a 1.5% gradient 
(AcCN/water, 0.1 % TFA). The purified fractions were lyophilized to dryness 
affording 4 mg of product 7 as a white solid TFA salt in 19% yield and 97% 
purity. 



Example 77: Synthesis of 4-fR)-f1-Aza4iicvclof2.2,21oct-3-vlamtno^-3-(1H" 
benzoimida2oU2"Vl)'6,7-dlchloro»1HKiuinoHn"2-one 
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Step 1: 6,7-DIchloro-1H-benzo[d][1,3]oxazine-2,4-dlone 

t06551 A solution of 6,7-dichloro-1 H-benzo[d][1 ,3]oxazine-2,4-dione (1 ) 
(4.34 g, 20 mmd) and TMS-azlde (4 mL. 30 mmol) in toluene (60 mL) was 
stinBd at 80'Cfor 3 hours. Tlie cloudy solution was then heated at 1 10°C for 
16 hours. After cooling, the reaction had produced some of the desired 
product (3) by LCIVIS. An additional aliquot of TMS-azide (4 mL, 30 mmol) 
was added to the reaction which was again heated with stimng under nitrogen 
to 80X for 2 hours and 1 10°C for 16 hours. HPLC and LCMS showed that 
the reaction had proceeded to near completion. The reaction was 
concentrated under reduced pressure to give a yellow sluny which was 
diluted with absolute EtOH (8 mL). An ivory-colored solid fomied and was 
collected by suction filtration. The solid was washed with absolute EtOH (50 
mL) and dried in vacuo to give 2.9 g of pure product 3 in 63% yield. 

Step 2: 4-(R)-(1-Aza-blcyclo[2.2.2]oct-3-ylamino)-3-(1H-benzoimldazol-2- 
yl)-6,7-dlchloro-1H-qulnolin-2-one 

[0656] 4-(R)-(1-Aza-bicyclo[2.2.2]oct-3-ylamino)-3-(1H-benzoimidazol- 
2-yl)-6.7-dichloro-1H-quinolin-2-one (4) was prepared using the standard 
methods described in previous Examples. 

Step 3: 4-<R)-(1^Aza4}lcyclo[2.2^oct-3.ytamino)-3-(1H-benzoimldazol-2- 
yl)-6,7-dlchloro-1H-qulnol!n-2-one 

[0657] An aigon sparged (1 minute) solution of 6,7-Dichloro-quinolone 
(4) (20 mg, 0.044 mmol) and morpholine (1 mL) in DMA (2 mL) was stirred at 
120''C for 48 hours. HPLC and LCMS showed that the reaction had 
proceeded to approximately 60% completion. Heating at 120"'C seemed to 
cause some loss of chlorine. The reaction was again sparged with argon, 
capped and heated to lOO'C for 3 days until complete as detennined by 
LCMS. The coide product was purified by prep. HPLC using a reverse phase 
BDX C18 column mnning a 4% gradient (AcCN/water. 0.1% TFA). The 
purified fractions were lyophilized to dryness to give 7 mg of product 5 as 
white solid TFA salt in 25% yield and 97% purity. 
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Example 78: 4-fm-(1-Aza-blcvclor2^.2loct-3-vlamlno^-3-f1H- 
benzotmidazol-2-vH-6.7-dlchloro-1H-aulnolin-2-one 




1 2 



[0658] An argon sparged (1 minute) solution of 6,7-Dlchloro-quinoIone 
(4) (20 mg, 0.044 mmo\) and morplioline (100 jjL) in NMP (800 pL) was stirred 
at 95X for 48 hours. HPLC and LCI\/IS showed that the reaction had 
proceeded to completion. The crude product was purified by prep. HPLC 
using a reverse phase BDX C18 coiumn running a 3% gradient (AcCN/water, 
0.1 % TFA). The purified fractions were lyophilized to dryness to give 9 mg of 
product 2 as white solid TFA salt in 35% yield and 97% purity. 

Example 79; Synthesis of 4-fRW1 -Aza-bicvclor2.2.21oct-3-vlamino^-341H- 
benzolmldazol-2-vn-1 H-fl .71naphthvrldln-2-one 




DMA.65«C 



10659] POCI3 (1 .5 mL, 5.94 mmol) was added to the 3-(1 H- 
benzolmldazol-2-ylH-hydroxy-1H-[1,7]naphthyridin-2-one (1) (200 mg, 0.72 
mmol) wiUi stirring. TEA (153 pL, 1.1 mmol) was added to the reaction, and 
the reaction was heated to ecc for 1.5 hours. The brown solution was 
concentrated under reduced pressure to provide a brown solid. The solid was 
dissolved in EtOAc (1 00 mL) and washed with saturated NaHCOa (50 mL). 
The organic layer was evaporated under reduced pressure to a light yellow 
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solid which was dissolved In DMA (5 mL). After adding 3-<R>- 
Aminoquinuclidine dihydrochloride salt (200 mg, 1.0 mmol) and DIEA (430 
|jL), the solution was stirred at dS^'C for 10 hours. LCMS showed that product 
had fonned. The cmde product was purified by prep. HPLC using a reverse 
phase BDX CI 8 column running a 3% gradient (AcCN/water, 0.1% TFA). The 
purified fractions were lyophiUzed to dryness to give product 2 as a yellow 
solid TFA salt. 

Example 80: Synthesis of 4-amino-3-f6-rf2,4<IImethvlniorohoHn-2- 
vnmethvlanfimolbenzlmldazol-2"'Vl)hvdroqulnoHn-'2-one 

Step 1 : 2-(methylamlno)methyl-4-benzyl morpholine 

[0660] Commercially available 2-chloromethyl-4-benzyl morpholine was 
dissolved in an 8 M solution of NH2Me In EtOH and heated in a glass pressure 
vessel at 1 lO'^C ovemight. The solvent was removed in vacuo, and the 
compound was used in the next step without lurther purification. LC/MS m/z: 
221 .2 {MH+). Rf 0.55 minutes. 

Step 2: 2-[(3-amino^-nitrophenyl)methylamino]-2-methylmorpholln-4-yl 
phenyl ketone 

[0661 ] The title compound was synthesized using the procedure set 
forth in Example 46) LC/MS m/z: 357.3 (MH+), Rt 1 .98 minutes. 

Step 3: ethyl 2-(6-{methyl[2-methyl-4-(phenylcarbonyl)morpholin-2- 
yl]amlno}benzimldazoi-2-yl)acetate 

[0662] The synthesis of the title compound was conducted using the 
procedure set forth in Example 46. LC/MS m/z: 31 7.3 (MH+), R( 2.45 
minutes. 

Step 4: 4<imlno-^-(6-{nriethyl[2Hfnethyl-4-<phenylcarbonyl)morpholin-2- 
yl]amlno}benzimidazol-2-yl)hydroqutnolln-2-one 

[06631 The synthesis of 4-amino-3-(6-{methyl[2-methyl-4- 
(phenylcarbonyl)morpholin-2-yQamino}benzimidazol-2-yl)hydroquinolin-2-one 
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was performed according to the general synthesis procedure described in 
Example 19. 

Step 5: 4-amino^-{6-[(2|4<iImethylmorpholIn-2- 
yl)methylamino]benzImIdazol-2-yl}hydroqumolIn-2-one 

[0664] a) Debenzylation of the compound of Step 4 above was 
accomplished using the following procedure. The benzylated compound (1.0 
equivalent) and 10% Pd/C (0.1 equivalents) were suspended in 1:1 ethanol 
and 1 N aqueous HCI at room temperature. The reaction flask was evacuated 
and subsequently filled with H2. The resulting mixture was stinred under a 
hydrogen atmosphere ovemight The resulting solution was filtered through 
Celite and concentrated under vacuum. The water was then made basic with 
30% aqueous KOH, and the product was extracted with EtOAc. The 
combined organic layers were concentrated. The resulting residue was 
dissolved in CHaCfeiMeOHiAcOH (2:2:1). 

[06651 b) Methylatbn was accomplished using the following procedure. 
Parafonnaldehyde (1.2 equivalents) and BHapyridine (3 equivalents, 8 M 
solution) were added, and the mixture was stinred ovemight at room 
temperature. The solvent was removed in vacuo, and water was added. The 
product was extracted with EtOAc (3x). The combined organic layers were 
concentrated. The residue was purified by chromatography on silicagel (10% 
MeOH/CHaCb) to afford the desired product 

Example 81: Synthesis of 2-f4-Amlno^-fluorD-2K>xo-3* 
hvdroQuinolvRbenzlmldazole-6"Carboxvllcacld 

Step 1: 2-[5-(methoxycarix>nyl)benzlmldazol-2-yl]acetate 

[0666] Methyl 3,4-diaminobenzoate (1 equivalent), was stinred with 
ethyl-3-ethoxy-3-imtnopropanoate hydrochloride (2 equivalents) in EtOH at 
ZO^'C ovemight. The reaction mixture was cooled to room temperature, and 
the EtOH was removed under reduced pressure. The residue was taken up in 
water and extracted with CH2CI2 (3x). The organic extracts were dried over 
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Na2S04, and the solvent was removed. The solid was triturated with EX2O to 
yield the desired ethyl 2-[5-(methoxycarbonyl>-benzimidazol-2-yQacetate as 
an off-white solid. LC/MS m/r. 263.2 (MH+). Rt 1.80 minutes. 

Step 2: Methyl 2-(4-amIno-5-fluoro-2-oxo-3-hydroquinolyl) 
benzimidazole-6-carboxylate ' 

[0667] In a procedure similar to that described in Example 9, LiHMDS 
(1.0 N solution in THF, 4.0 equivalents) was added to a solution of 2-[5- 
(methoxycarbonyl) benzimidazol-2-yl]acetate (1.0 equivalent) and 2-amino-6- 
fluorobenzene carbonitrile (1 .1 equivalents) in anhydrous THF in a flame dried 
round bottom flask at 0°C. The resulting mixture was allowed to warm to 
room temperature, was stirred ovemight. and was then heated at SS^'C for 8 
hours. The mixture was cooled to 0**C and quenched with saturated NH4CI. 
The aqueous phase was extracted with EtOAc {3x), and the organic extracts 
were collected and dried (Na2S04). The solvent was removed under reduced 
pressure, and the residue was triturated with MeOH to obtain a white solid " 
containing 50% of methyl 2'(4-amino-5-fluoro-2-oxo-3-hydroquinolyl) 
benzimidazole-6-carboxylate and 50% of its uncyclized isomer. LC/MS m/z 
353.2 (MH+), Rt2.14 minutes. 

Step 3: 2-(4-Amino-5-fluoro*-2-oxo-3-hydroquinolyl)benzimldazole-6- 
carboxylic acid 

[0668] The cnjde product obtained in Step 2 was dissolved in a 1 :1 
mixture of EtOH and 30% aqueous KOH and stinred overnight at 70^*0. The 
reaction mixture was cooled and acidified with 1 N HCI. A crash out formed. 
The solid was filtered, washed with water and dried providing 190 mg (40%) 
of 2-<4-amino-5"fluoro-2K)xo-34iydnoquinolyl)benzimidazole-6K;aritx)xyli^^ acid 
as a brown solid. LC/MS m/z: 339.1 (MH+), Rt 2.41 minutes. 

Step 4: Amide Functfonaiizatlon of 2-(4-amino-2-oxo^-hydr6quinolyl)- 
benzlmldazole-6-carboxylic acid 

[0669] A mixture of 2-(4-amino-2-oxo-3-hydroquinolyl)benzimidazole-6- 
carix)xyllc acid (1 equivalent), primary or secondary amine (1 equivalent), 
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EDC (1-(3<limethylaminopropyl)-3-ethylcarbodlimide hydrochloride, 1.2 
equivalents), HOAT (1-hydroxy-7-azabenzotriazole, 1.2 equivalents), and 
triethylamine (2.5 equivalents) in DMF, was stinted at 23**C for 20 hours. The 
reaction mixture was partitioned between water and ethyl acetate. The 
combined organic layers were dried (Na2S04), and concentrated. Water was 
added, and the precipitate thus fomned was filtered and dried. The crude was 
purified by reverse phase prep. HPLC to afford the desired carboxamide. 

Examples 82 and 83: Synthesis of 3"(6-ff2R,5R)-2- 
r(dlmethvlamino)methvn-5-methvlmorpholln-4-vl>benzlmidazol-2-vlM- 

amlnohvdroqulnolln-2K>ne (7a) and 3-(6-f(2S,5R)-2- 
rfdlmethvlamlno>methvn-5-methvlmorpholln^-vl>benzlmidazol-2-vl)-4" 

amlnohvdroaulnolin-2-one 

Step 1 : (2R)-2-[Benzylamf n o]propan-1 -ol 

[0670] A mixture of (2R)-2-amino propanol (1 .2 equivalents), 
benzaldehyde (1 equivalent), NaHCOa (1.5 equivalents), and MeOH, (-1 M) 
was heated at reflux for 4 hours and then cooled to O^'C. Sodium bomhydride 
(4.8 equivalents) was added portionwise to the stirred reaction mixture during 
a period of 2 hours at ca. 10°C. The whole was stirred at room temperature 
for 4 hours. The Insoluble materials were filtered off and then the filtrate was 
concentrated to dryness. The residue was dissolved in CH2CI2, and the 
solution was washed successrvely \N\\h water (2x) and brine (1x). The organic 
extracts were collected and dried (Na2S04). The solvent was evaporated to 
give the desired product as a coloriess oil, which solidified on standing and 
was used in the next step without further purification. GC/MS : 134 (100%, 
M+-CH2OH), Ri 11.57 minutes. 
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Step 2a and 2b: (2S,5R)-2-(chloromethyl)-5-4nethyl-4-benzylinorpholine 
and(2R,5R)-2-(chloromethyl)-5-methyl-4-benzylmorpholine 



epichlorohydrin (2 equivalents) was stirred at 40X for 2.5 hours and 
concentrated at reduced pressure. The residue was cooled to 0° C and cold 
trifluoromethanesulfonic acid (3 equivalents) was added very slowly. The 
flask was equipped with a reflux condenser and the mixture was stined at 
lecc overnight. The reaction mixture was cooled to room teniperature, and 
the black tar thus fornied was dissolved in CH2CI2 and transfen^d to an , 
Erienmeyer flask equipped with a magnetic stir bar. The solution was then 
cooled to 0°C, and ice water was slowly added. The dark biphasic mixture 
was made basic (pH= 12) with 30% NaOH solution. The two phases were 
separated, and the aqueous phase was further extracted with CH2CI2. The 
organic layer was vi^shed with water, treated with brine, dried (Na2S04), and 
concentrated to afford a dark brown oil. The crude product mixture contained 
a mixture of (2S,5R)-2-(chloromethyl)-5-methyl-4-benzylmorphollne and 
(2R,5R>2-(chloromethyl)-5-methyM-benzylmorpholine which were separated 
by chromatography on silicagel (EtOAc/Hexanes 1 :20 to 1 :8). (2S,5R) 
IsomenTLC (EtOAc/Hexanes 1: 8): Rp 0.75; GC/MS: 239 (10%, M+), Rt 
15.17 minutes; LC/MS nVz 240.0 (MH*), Rt 1.60 minutes. (2R,5R) isomer. 
TLC (EtOAc/Hexanes 1: 8): Rf 0.60; GC/IVIS: 239 (15%, M+), Rt 15.08 
minutes; LC/MS /n/z 240.0 (MH+). Rt 1.56 minutes. 




[0671] 



A mixture of (2R)-2-[benzylamlno]propan-1-ol (1 equivalent) and 
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Step 3a: (2S|5R)-2-[dimethylamfno(methyl)]-5«methyi-4- 
benzylmorpholine 




[0672] A mixture of (2S,5R)-2-(chloromethyl)-5-methyl-4- 
benzylmorpholine (1 equivalent) and dimethylamine in ethanol (33%, approx. 
5.6 M. 5 equivalents) was heated at 150°C over 2 days in a glass pressure 
vessel. The reaction mixture was cooled to room temperature and 
concentrated under reduced pressure. The residue was dissolved in 1 N HO, 
and the solution was washed with CH2CI2. The water phase was made basic 
with 30% NaOH solution (to pH=12) and extracted with CH2CI2. The organic 
extracts were collected and dried (Na2S04). Evaporation of the solvent under 
reduced pressure afforded (2S,5R)-2*[dimethylamino(methyl)]-5-methyl-4- 
benzylmorpholine as a brown oil which was used in the next step without 
purification. GC/MS: 247 (2%. M-H). 204 (55%, M-NMe2), Rt 15.5 minutes; 
LC/MS fn/z 249.2 (MH+), R* 0.72 minutes. 

Step 4a: (2S,5R)-2-[dlniethylamino(methyl)]-5«fiiethy)morpholine 



[06731 (2S.5R)-2-[Dimettiylamino(mettiyl)l-5-methyl-4- 
benzylmorpholine (28 g, 113 mmol, 1 equivalent), was dissolved in EtOH 
(1 M), and the solution was transfened to a stainless steel high pressure 
vessel equipped with a pressure gauge. 10% Pd/C was added (2.8 g, 10 
wt.%), and tiie vessel charged with H2. The reaction mixture was stinred at 
ISO'^C and 200 psi of H2 overnight The reaction mixture was cooled to room 
temperature, filtered and evaporated. The desired amine was obtained in 




N 
H 
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quantftative yield as a yellow oil. GC/MS : 128 (10%, M+-2XCH3), 58 (100%. 
NHCH2CHO). Rt8.16 minutes. 

Step 3b: (2R,5R)-2-[dimethylamino(methyl)]-5-methyl-4- 
benzylmorphoHne 




10674] The title compound was obtained by treating (2R,5R)-2- 
(chloromethyl)-5-methyl-4-benzylmorphollne with dimethylamlne in EtOH, as 
described above (Step 3a) diastereomer. GC/MS: 247 (2%, M-H), 204 (55%, 
M-NMea), Rt 15.40 minutes; LC/MS m/z 249.2 (MH+), R* 0.79 minutes. 

Step 4b: (2R,5R)-2-[dimethy!amino(methyl)]-5-methylmorpholine 




H 

[06751 The title product was obtained by debenzylating (2R,5R)-2- 
[dimethylamino(methyl)]-5-methyl-4-benzylmorpholine as described eariier 
(Step 4a). GC/MS : 158 (1 %, M+), 128 (3%, M+-2XCH3). 58 (100%, 
NHCH2CHO), R, 7.64 minutes. 

[0676] The same procedure can be employed to prepare (2S,5S)-2- 
[dlmethylamino(methyl)]-5-methylmorpholine and (2R,5S)-2- 
[dlmethylamino(methyl)]-5-methyImorpholine provided that (2S>-2- 
aminopropanol is used as starting material. 
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Step 5a; {[(2S,5R)-4-(3-amtno-4-nitrophenyl)-5-methylmorphoH 
yl]methyl}dlniethylamine 



"2"^ \ p 



^NMe2 

[0677] A mixture of 5-fluoro-2-nitroaniline (1 .1 equivalents), [{(2S,5R)-5- 
methyimorpholin-2-yl)metliyqdimethylamine (1 equivalent), triethylamine (3 
equivalents), and NMP was heated at 140°C for 48 hours in a sealed high 
pressure vessel. The reaction mixture was cooled to 25°C and dissolved in 
CH2CI2. The solution vt^ washed with water (2x) and dried (Na2S04). 
Purification Wa chromatography on silicagel (10% MeOH in dichloromethane), 
afforded the desired product as a daric yellow foam. LC/MS mfz 295.2 (MH+) 
Rt 1.86 minutes. 

Step 6a: Ethyl 2-(6-{(2R,5R)-2-[(dlmethylamino)methyq-5- 
methylmorpholin-4-yi}benzimidazol-2-yi)acetate 

o w-^sjT ^\^me2 

H 

[0678] The title compound was synthesized using the general 
procedure for synthesis of t)enzimidazoles, txjt at room terr^erature for two 
days. Purificatton by column chromatography on silicagel afforded the 
purified product LC/I\/IS m^361.2 (MH+) Rt 1.27 minutes. 
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Step 5b: {[(2R,5R)-4-(3-amino-4-nitrophenyl)-5-methylmorpholin-2- 
yl]methy^imethylamine 



MjN- - ■; o 



NMez 

[0679] A mixture of 5-fluoro-2-nltroaniline (1.1 equivalents), [((2R,5R)- 
5-metliylmorpholin-2-yl)methyl]dimethylamlne (1 equivalent), triethylamine (3 
equivalents), and NMP was heated at UO'C for 48 hours in a sealed high 
pressure vessel. The reaction mature was cooled to 25''C and dissolved In 
CH2CI2. The solution was washed with water (2x) and dried (Na2S04). 
Purification via chromatography on silicagel (10% MeOH In dichforomethane), 
afforded the desired product as a darit yellow foam. LC/MS m/z 295.1 (MH+) 
Rt 1.85 minutes. 

Step 6b: Ethyl 2-(6-{(2R,5R)-2-[(dimethylamino)methyl]-5- 
methylmorpholln-4-yl}benzfnn{dazol-2>yl)acetate 



H 



[0680] The title compound was prepared, using the general procedure 
for synthesis of benzimidazoles, bult at room temperature for two days. 
Purification by column chromatography on silicagel afforded the (XJrified 
product LCmS m/z 361 .2 (MH+) Rt 1 .20 minutes. 
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Step 7a; 3^6-{(2R,5R)-2-[(dimethylamino)methyl]-5-methylmorpholin-4- 
yl}benzlmidazol-2-yl)-4-amInohydroquinolin-2-one 




[0681] The trUe compound was synthesized according to Example 46 
(LC/MS m/z 433.1 (MH+) Ri 1.58 minutes). 

Step 7b: 3-{6-{(2S,5R)-2-[(dlmethylamino)methyl]-5-methylmoipholin-4- 
yi}benzimldazol-2-yl)^-amlnohydroquinolIn-2-one 




H 

[0682] The title compound was synthesized according to Example 46 
{LCMS m^z 433.1 (MH+) Rt 1.58 minutes). 

Example 84: Synthesis of 4-amino-3^r5-f4' 
methvlplperazltivnbenztmldazol"2-vl1-2K)xohvdroauiho[lne-6-<:arbonltrile 

^^NH2 Pd[P(Ph)3]4 ^^^NH. 

^ DMF ^ 

[0683] Using a literature procedure described in the following literature 
reference which is herein incorporated by reference In its entirety for all 
purposes as if fully set forth herein, a dry round bottom flask was charged with 
2-amino-5-bromo benzonitrile (1 equivalent) and zinc cyanide (2 equivalents), 
and DMF was added: J. Med. Chem. 2000, 43, 4063. Nitrogen was bubbled 
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through the solution for 5 minutes, and Pdp(Ph)3]4 was added In one portion. 
The reaction mixture was stinred at 90°C ovemight. After cooling to room 
temperature, saturated NaHCOa was added, and the mixture was extracted 
with EtOAc. The organic extracts were collected and dried (Na2S04). 
Evaporation of the solvent under reduced pressure and purification by column 
chromatography on silicagel (2% methanol In methylene chloride) afforded the 
desired 4-aminobenzene-1 ,3-dicart)onitrile as a white solid. GCMS m/r 143 
{M+, 100%), Rt 14.7 minutes 

4-amino-3-[5-(4-methylpiperazinyl)benzimldazol-2-yl]-2- 
oxohydroquinoline-6-carbonitrile 



benzimidazol-2-yQacetate were reacted according to Example 46. LC/MS m/z 
400.1 (MH+), Ri 1.54 minutes. 

Example 85: Synthesis of 4<Ufnlno-3-f5-(4- 
methvlpiperazlnvl)benzlmIdazol-2-vll-2-<>xbhvdroaulnollne-€<arboxv^ 

acid 



/ 




[0684] 



4-Amino-isophthalonitrile and ethyl 2-[5-(4-methylpiperazinyl) 
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[0685] 4-aminc><3-[5-(4-methylpiperazinyl)benzimidazol-2-^^^ 
oxohydroquinoline-6-cart)onitrile (Example 84) derivative was dissolved in a 
1 :1 mbdure of EtOH and 30% aqueous NaOH. The solution was heated to 
100**C for 2 hours. The mixture was cooled to room temperature, 
concentrated, and neutralized vWth 1 N HCI until tiie product precipitated from 
solution. The solid was washed with water twice and dried to afford the 
desired product. The HCI salt was then obtained by lyophilization from a 1:1 
mixture of CH3CN and 1 N HCI (LC/MS m/z 331 .3 (MH+) Rt 1.60 minutes). 

Example 86: Synthesis of f4-amlno«3-f5«(4» 
methvlPiPerazinvl)benzimldazoU2-vn>2-oxo(6-hvdroqulnolvn)-N- 

benzvlcarboxamlde 




[0686] 4-amino-3-{5-(4-methylpiperazinyl)benzimidazol-2-yl]-2- 
oxohydroquinoline-6-carboxylic acid (Example 85), as the HCI salt (1 
equivalent), was suspended in DMF. EtsN (2 equivalents) and a primary or 
secondary amine (1.2 equivalents) were added, followed by EDC (1.2 
equivalents) and HOAT (1 .2 equivalents). The reaction mixture was stinred at 
room temperature for 2 days. Water was added, and the mixture vras 
extracted with EtOAc. The residue was purified by prep. HPLC obtaining the 
desired product. 
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Example 87: Synthesis of 4-amino-3-(643- 
ndjmethyjan^^ 

one 



NMe2 



d^t? M8OK100-C (T^lf THF L ^ ^ [j 

[0687] Dimethyl(pyrrolidin-3-ylmethyl)amine was synthesized from 
cx)mmercially available methyl-5-oxo-1-{phenylmethyl)pyrrolidine carboxylate 
following a procedure previously described in the literature (Domagala, J.M. 
U.S. Pat. No. 5,281,612, hereby incorporated by reference in its entirety for all 
purposes as if fully set forth herein). LC/MS m/z 265.1 (MH+), 1.62 minutes. 
Conversion to the concomitant 4-amino-3-(6-{3-[(dimethylamino)methyl] 
pyrrolidinyl}benzimidazol-2-yl)hydroquinolin-2-one was perfomned according 
to the procedure in Example 8 (LC/MS m/z 403.2 (MH+)i Rt 1.64 minutes). 

Example 88: Synthesis of 346-f(1S)-3.6-dlazabicvclor4,3,01non''3'> 
ynbenztmidazol''2-vn'4-aminO'g-fluorohydroQulnolin-2K}ne 

H H 

^^Y^ LiAIH4 ^ r\ 

0^h\ THF. 

W ref. 20 min. W 

[0688] (6S)h1 ,4-dlazabicycIo[4.3.0]nonane was synthesized as shown 
above by LAH (lithium aluminum hydride) reduction of commercially available 
Cyclo-Gly-Pro, employing the literature procedure set forth in the following 
reference which is herein incorporated by reference in its entirety for all 
purposes as if fully set forth herein: de Costa B. R. et aL J. Med. Chem., 
1 993, 36, 231 1 . Conversion to the concomitant 3-[6-((1 S)-3,6- 
diazabicyclo[4.3.0]non-3-yl)benzimidazol-2-yl]-4-amino-5-fluorohydroqulnolin- 
2-one was performed according to the procedure in Example 8 (LC/MS m/z 
419.1 (MH+), Rt 1.96 minutes). 
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Example 89: Synthesis of 4^mlno^-r6-(2,4- 
dlmethvlpiperazinvl)benzlmldazol-2-'vn^-fluorohvdroqutnolln-2-one 

[0689] To a stirred solution of 2-methylpiperazine (2 equivalents) in 
dichloromethane at-IO^'C, was added di-fe//-butyl dicarbonate (1 equivalent). 
The mixture was stin-ed for 10 minutes at-IO'^C and was then quenched with 
saturated aqueous NaHCOa. The two phases were separated, and the 
organic layer was extracted with methylene chloride. The organic extracts 
were collected, dried (Na2S04), and concentrated to give the desired terf-butyl 
3-methylpiperazine-carboxylate (LC/MS m/z 201.0 (MH +), Rt 1.67 minutes). 
Conversion to tert-butyl 4-[2-(4-amino-5-fluoro-2-oxo(3- 
hydroquinolyl))benzimidazol-6-yO-3-methylpiperazinecarboxylate was 
perfonned according to the procedure in Example 8 (LC/MS m/t 493.3 (MH+), 
Rt 2.45 minutes). Subsequent removal of the Boc group was prefonmed by 
bubbling HCI gas into a MeOH solution until saturated (LC/MS m/z 393.2 (MH 
+), Rt 1 .95 minutes). The free amine was subsequently reacted with 
parafonmaldehyde (5 equivalents) in MeOH:AcOH (5:1) and NaCNBH4 (4 
equivalents) over molecular sieves at 80^C. After 10 hours, the mixture was 
cooled, filtered, and concentrated. The residue was dissolved in CH2CI2, 
washed with saturated NaHCQs, and dried with Na2S04 to give the desired 4- 
amino-3-[6-(2,4Klimethylpiperazinyl)benzimidazol-2-yO-5-fluorohydro^ 
2-one (LC/MS m/z 407.3 (MH +), Rt 2.03 minutes). Further purification was 
peribrmed via reverse phase prep. HPLC. 

Example 90: 4"amlno-3-r6-(3,4-dlmethvlplpera2lnvl)benzlmIdazol-2>' 

vnhvdroautnolIn-2-one 

[0690] ferf-Butyl-3-methylpiperazine carboxylate ( see Example 89; 1 
equivalent) and paraformaldehyde (5 equivalents) were dissolved in a mixture 
of MeOH and AcOH (5:1 ) on molecular sieves. NaCNBHa (4 equivalents) was 
added to the suspension at 25°C. The slurry was subsequently heated to 
80°C. AfterlOhours, the mixturewas cooled, filtered, and concentrated. The 
residue was dissolved in dichbromethane and washed with saturated 
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aqueous NaHCOa. The organic solution was dried (Na2S04), and 
concentrated. The fe/f-butoxycarbonyl group was removed by treating the 
crude amine with saturated HCI in MeOH, at room temperature for 30 
minutes. The mixture was then concentrated and excess HCI was removed 
in-vacuo. The desired 1 ,2-dimethylpiperazine was obtained as the bis HCI 
salt (LC/IVIS m/z 1 1 5.0 (MH+), Rt 0.33 minutes). Concomitant conversion to 
ferf-butyl 4-[2-(4-amino-2-oxo(3-hydroquinolyl))benzimidazol-6-yQ-3- 
methyipiperazinecarboxylate was perfbmied according to the procedure in 
Example 8 (LC/MS m/z 389.2 (MH+), Rt 1 .84 minutes). 

Example 91: General Synthesis of 4-amlno-5-f>uoro^-f6"amlnomethvl* 
1 H*benzlmidazo^2-vl)qulnolln*2f 1 W-ones 




IV 



[0691] Methyl ester I was suspended as a fine powder In Toluene. To 
this room temperature suspension was added DIBAL-H (10 equivalents^ 1 M 
in toluene) via an addition funnel at a rate in which gas evolution was steady 
and controllable. After complete addition, the homogeneous solution was 
allowed to stir for 1 0 hours. After this time, NaF (40 equivalents) and water 
(10 equivalents) were added. The resulting mbcture was stined at room 
temperature for 4 hours during which time a solid precipitate fomied. This 
solid was collected and heated in dimettiyl acetamide (DMA) at 120^C for 2 
hours after which time the remaining solid was filtered away and resulting 
solution concentrated to a thick oil. The resulting oil was treated with water 
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and the resulting solid collected and dried to provide compound II as a yellow 
solid. MH+ = 325.1. 

[0692] Alcohol II was dissolved in DMA at room temperature and 
treated with MnOa (15 equivalents). The reaction was heated at 120»C for 3 
houre and the mixture was filtered hot through a pad of Celite. The resulting 
solution was concentrated in vacuo to provide a yellow solid identified as 
aldehyde III MH-i-=: 323.1. 

[0693] Aldehyde 111 was dissolved in DMA and treated wfth ah 
appropriate amine (2.0 equivalent) folbwed by sodium triacetoxyborohydride 
(2.5 equivalents). The reaction stinned at room temperature for 12 hours and 
was concentrated to provide a thick oil. This oil was purified by reverse phase 
HPLC to yield the desired compounds. 

Example 92: General Synthesis of 4-amino-5-fiuoro-3-f6-amldo-1H- 
benzimldazoi-2-vnaulnolin-2(1H)-ones 




m 

[0694] Amine I was dissolved in DMA and treated sequentially with 
bromoacetyl chloride (1.5 equivalents) and triethylamlne (5 equivalents) at 
room temperature. The reaction was stin^d for 2 hours and was then poured 
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into water. The resulting solid was collected and dried to give the desired 
bromide II. MH+ = 444. 

[0695] Bromide II was dissolved in DMA and the appropriate amine (1 0 
equivalents) was added at room temperature. The reaction was stin-ed for 12 
hours and was then concentrated to a dari< oil which was purified by reverse 
phase HPLC to provide the desired prcxiuct. 

Examoie 93: Synthesis of 44 r2-(4-amIno-5-fluorO'2-oxO'1 .2- 
dihvdroauinolin-3-v»-1H-benzimidazol-6-vnoxv> -N-methvlPvrldlne-2- 

carboxamide 




[0696] 4-Amlno-3-nltrophenol (1.0 equivalent) and potassium 
bis(trimelhylsilyl)amlde (2.0 equivalents) were stined in DMF for 2 hours. To 
this mixture was added (4-chloro(2-pyridyl))-N-methoxycarboxamide (1 .0 
equivalent) and K2CO3 (1.2 equivalents). The mbdure was heated at 90»C 
overnight. The solvent was then removed and the mixture was diluted with 
H2O. The aqueous layer was extracted with EtOAc. The organic layer was 
washed with and brine (2 x), dried over Na2S04, filtered and concentrated to 
give a brown solid. The cnide material was purified by column 
chromatography (50% EtOAc/hexane with 2% EtaN to give compound I. MH+ 
= 289.2. 
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[0697] Compound I (1 .0 equivalent) and 1 0% Pd/C (0.1 equivalents) 
were suspended In anhydrous EtOH at room temperature. The reaction flask 
was evacuated and subsequently filled with H2. The resulting mixture was 
allowed to stir under a hydrogen atmosphere for 2 days. Ethyl 3-ethoxy-3- 
iminopropanoate hydrochloride (2.0 equivalents) was then added and the 
resulting mixture was heated at reflux overnight. After this time, the solution 
was filtered through a plug of Celite, concentrated and dissolved in CH2CI2. 
The organic layer was washed with NH40H(aq, cone.), H2O (3 x) and brine 
and then dried over Na2S04, filtered and concentrated to yield a brown gum 
which was purified by silica gel chromatography (EtOActo 10% MeOH in 
CH2CI2 with 2% EtaN) to provide the product II as a tan solid. MH+ = 287.1 . 

[0698] KHMDS (4.2 equivalents) was added to compound II (1 .4 
equivalents) and 2-amlno-6-fluorobenzenecarbonitrile (1.0 equivalent) in DMF 
at room temperature. The reaction was heated at 50"C ovemight. The 
resulting mixture was poured into EtOAc and extracted with H2O (3 x). The 
organic layer was washed brine, dried over Na2S04, filtered and concentrated 
in vacuo to yield a brown solid. The crude material was sonicated in 5% 
acetone/94.5% Et2O/0.5% MeOH to give the desired product as a tan solid. 
The solid was further purified by reverse phase HPLC. MH+ = 445.2. 

I- 

Example 94: Svnthesis of 4-amino-3-r5-(4-€thvl-4-oxidopiDerazln-1-vn- 
1 H-benzlmidazol'2'Vn-5-fluoroaulnolin-2n Hl-one 




[0699] Piperazlne I was suspended in EtOHrDMA (10:1). Hydrogen 
peroxide (10 equivalente) was added, and the reaction was heated to 85''C 
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during which time a homogeneous solution fomned. After 1 hour, the reaction 
was complete by LC/MS. The reaction was stirred at room temperature 
overnight during which a precipitate fomned. The solid was filtered and 
washed with EtOH and then EfeO to give 4-amino-3-[5-(4-ethyl-4- 
oxidopiperazin-1 -yl)-1 H4)enzimidazol-2-yll-5-fluoroquinolin-2(1 H>one. MH+ = 
423.3. 

Example 95: Svnthesis of 4-amlno-6-chloro-1 -methvl-3-(5-morphonn-4- 
vM H.bcnzimidazol-2>vnauinolin-2f 1 H)-one 




I 



[0700] Quinoiinone I (1 0 mg, 1 equivalent) was reacted with 2,4- 
dimethoxy benzylamine (10 pL. 2.7 equivalents) in 1 mLof dichloromethane 
at room temperature overnight. The solvent was later evaporated and the 
product taken up in ethyl acetate. The ethyl acetate layer was washed with 
water, saturated sodium bicarbonate, saturated sodium chloride and then 
dried. The benzylated material was treated with 1 mL of 5% trifluoroacetic 
acid In dichloromethane for 1 hour and evaporated. The final product was 
purified by HPLC and resulted in 5 mg of the amino quinoiinone product as 
the trifluoroacetic acid salt MH-i- = 410.2. 

Example 96: Svnthesis of 4-amino-3-(1 H'berttimidazol-2^)-6-chlorO'1 - 

methvlaulnolin-2M W-one 




I 
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[0701] Quinolinone I (20 mg, 1 equivalent) was reacted with 2,4- 
dimethoxy benzyiamine (20 pL, 2 equivalents) in 1 mL of dichloromethane at 
room temperature overnight. The solvent was later evaporated and the 
product taken up in ethyl acetate. The ethyl acetate layer was washed with 
water, saturated sodium bicartx>nate, saturated sodium chloride and then 
dried. The benzylated material was treated with 1 mL of 5% trifluoroacetic 
acid in dichloromethane for 1 hour and evaporated. The final product was 
purified by HPLC and resulted in 17.2 mg of the amino quinolinone as the 
trifluoroacetic add salt. MH+ = 325.1. 

Example 97: Synthesis of 4--amfno-6-chlorO"1'TOethvl«3-f5-/4' 
methvlpjperazin'l-vn'l m)enzimidazol''2«vnqulnolln»2(1 Hl«one 




[0702] Quinolinone I (20 mg, 1 equivalent) was reacted with 2,4- 
dimethoxy benzyiamine (20 pL, 2 equivalents) in 1 mL of dichloromethane at 
room temperature overnight. The solvent was later evaporated and the 
product taken up in ethyl acetate. The ethyl acetate layer was washed with 
water, saturated sodium bicarbonate, saturated sodium chloride and then 
dried. The benzylated material was treated with 1 mL of 5% trifluoroacetic 
acid in dichloromethane for 1 hour and evaporated. The final product was 
purified by HPLC and resulted in 11.5 mg of the amino quinolinone as the 
trifluoroacetic acid salt MH+ = 423.1. 
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Example98: Synthesis of 4^mino-1^nethvl-3-f5-morphoHn«4"Vl'1H" 
benzimidazol*2''Vl)Quinorin'-2f1H)-one 




[0703] The quinolinone starting material I (20 mg, 1 equivalent) was 
reacted with 2,4-dimethoxy benzylamine (20 pL, 2 equivalents) in 1 mL of 
dichloromethane at roonn temperature overnight. The solvent was later 
evaporated and the product taken up in ethyl acetate. The ethyl acetate layer 
was washed with water» saturated sodium bicarbonate, saturated sodium 
chloride and then dried. The benzylated material was treated with 1 mL of 5% 
trifluoroacetic acid in dichloromethane for 1 hour and evaporated. The final 
product was purified by HPLC and resulted in 16.6 mg of the amino 
quinolinone as the trifluoroacetic add salt MH+=376.3. 

Example 99: Synthesis of 4-ammo-5-fluoro-3-f5-r4-(2,2,2- 
trifluoroethvHp|perazln-1 -ylM H-benztmida2ol-2-y|>auf nolln-2f 1 W-one 



F 




[0704] 4-Amlno-5-fluoro-3-(6-piperazin-1 -yM H-benzolmidazol-2-yl)-1 H- 
quinolin-2-one was taken up in ethyl trifluoroacetate and N,N- 
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dimethylacetamide (DMA). The resulting solution was heated at 130X In a 
sealed tube for 30 minutes. The reaction was cooled to room temperature 
and quenched by addition of saturated aqueous sodium bicarbonate followed 
by pouring the mixture into water The resulting solid was collected by 
filtration and washed with diethyl ether to afford 4-amino-5-fluoro-3-{6-[4- 
(2,2,2-trifluoro-acetyl>-piperazin-1-yl]-1 H-benzoimidazol-2-yl)-1 H-quinolin-2- 
one (Rt 2.63 minutes, MH+ = 457.1 ), which was immediately taken up in THF. 
Borane-THF complex (3.3 equivalents) was added and the reaction was 
stinred at room temperature ovemight After quenching the excess borane 
with water, the mixture was extracted into ethyl acetate, dried over 
magnesium sulfate, filtered and concentrated to a brown solid which was 
purified by reverse phase HPLC to yield the desired compound. MH+ = 
461.1. 

Example 1 GO: Synthesis of 4<imino-54luoro-3-f (B-fmethvirM" 
methvlmorpholln-3-vnmethvnamtnol-1H-benztmida2ol-2-vl)autnQlin'- 

2f1W-one 




I 



[0705] Quinolinone I was synthesized from commercially available 2- 
chloromethyl-4-benzyl morpholine, methylamine, 4-chloro-2-nitroaniline, and 
2-amino-6-fluorobenzonitrile following the general procedure of Example 49. 
(2-(methylamino)methyl-4-benzyl morpholine was dissolved in an 8 M solution 
of NHaMe in EtOH and heated in a glass bomb at 110^ ovemight to fomn the 
product 2-(meUiylamlno)methyl-4-benzyl morpholine fbllowing removal of the 
soh^ent). Compound i (1.0 equivalent) and 10% Pd/C (0.1 equivalents) were 
suspended in 1:1 ethanol and 1 N aqueous HCI at room temperature. The 
reaction flask was evacuated and subsequentiy filled with H2. The resulting 
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mbcture was stirred under a hydrogen atmosphere overnight, filtered through 
Celite, and concentrated under vacuum. The solution was made basic with 
30% aq. KOH and the product was extracted with EtOAc. The combined 
organic layers were concentrated and resuspended in CH2Cl2:MeOH:AcOH 
(2:2:1). Parafonmaldehyde (1.2 equivalents) and BH3 .pyridine (3 equivalents, 
8 M) was then added and the mixture was stirred overnight at room 
temperature. The solvent was removed in vacuo and washed with water. 
The aqueous layer was extracted with EtOAc (3x), and tiie combined organic 
layers were concentrated and purified by silica gel chromatography (10% 
IVIeOH/CHaCb) to afford the desired product. MH-^ = 437.4. 

Example 1 01 : General svn thesis of 4-amino-3*1 H-benzlmlda2ol-2-vl-5" 
fluoroquinolln-2f1 H)-one proptonamldes 




[0706] To a DMF solution of compound I (1 equivalent) in DMF was 
added an amine (1.1 equivalents) and EDC (1.1 equivalents). The solution 
was left to stir for 2 hours at room temperature. The reaction mixture was 
quenched with water and filtered to give the desired product 11. 



[0707] In a microwave tube, compound II (1 equivalent) was suspended 
In benzyl amine and heated in a microwave at 150®C for five minutes. The 
resulting crude product III was sonicated in ether and filtered. 

[0708] To a high pressure stainless steel vessel charged with 
compound III (1 equivalent) in a solution of EtOH was added 10% Pd/C 
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followed by 120 psi H2. The mbcture was left at 100**C for one day followed by 
addition of ethyl 3-ethoxy-3-iminopropanoate hydrochloride (2.5 equivalents). 
The reaction was left at 80**C under nitrogen for one additional day. The 
palladium was then filtered off through a pad of Celite, and the resulting EtOH 
mixture was evaporated in vacuo. The product was then taken up in a 
generous amount of CH2CI2, made basic, filtered over a pad of sodium 
sulfate, and concentrated in vacuo. Purificatbn by silica gel chromatography 
(10%MeOH:CH2Cl2) gave compound IV, which was coupled with 2-amino-6- 
fluorobenzenecarbonrtrile following the general procedure of Example 49 to 
give propionamide V. 

Example 102: Synthesis of 4-amino*345"(1-ethvlpiperidin"4-vlMH* 
benzimidazoN2«vl1'5-fluoroquinol!n-2(1H)'One 




[0709] Compound I (1 equivalent) was dissolved in DMF and Et3S04 (4 
equivalents) was added slowly at O^C. The solution was left to stir overnight 
at room temperature. The resuHinjg mbdure was poured into E^O while 
stirring. The solid, compound II, was filtered off, washed once with EtOH, and 
resuspended in EtOH. To this mixture was added 5% Pt02. and the resulting 
mixture was left under 1 atmosphere of H2 overnight. The Pt02 was filtered 
off using a pad of Celrte to afford the desired product as an orange solid 111 
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that \A«s used without further purification. Compound III was nitrated and 
used In the next step without further purification. To a MeOH solution of 
compound IV was added excess 30% KOH to give a bright yellow solution 
that was allowed to stir overnight. MeOH was removed in vacuo and the 
residue was taken up in CH2CI2 and extracted with water to give compound V 
that was then converted to desired product VII following the procedure 
described in Example 49. The product was purified by sonicating in 
etheracetoneiethanol (10:1:1) and then refluxing in acetonitrile overnight. 
MH+ = 406.3. 

Example 103: Synthesis of 4-(lHnethvlpiDeridlfi-4-vl)-2-nitroaniline 




THF,Na«00, Adtwr^ ^ 
HNO» ^V'n^^W^sx' 30%KOH ^Vn-XW*^ 

Step 1: N-(4-(4*pyridyl)phenyl)acetamide 

[0710] A round bottom flasic was charged with a 2 N NaaCOa solution (4 
equivalents) and THF and the mixture was sparged with N2 thn^ugh a 
dispersion tube. 4-Bromopyridine hydrochloride (1 equivalent) and N-[4- 
(4,4.5,&-tetramethyi-1 ,3,2-dioxaborolan-2-yl)phenyl]acetamide (1 .2 
equivalents) were subsequently added, followed by Pd(dppf)2Cl2 (2.5 mol %). 
The reaction mixture was refluxed overnight, cooled to room temperature and 
diluted with EtOAc. The two phases were separated and the organic phase 
was washed with a 2 N NaaCOa solution, brine, and dried (Na2S04). 
Evaporation of the solvent under reduced pressure and purification by silica 
gel chromatography afforded the desired product as a white solid. MH+ = 
213.1. 
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Step 2: N-[4-(1-methyl-4-plperidyl)phenyl]acetamide 

[071 1] N-(4-(4-pyridyl)phenyl)acetannide (1 .0 equivalent) was dissolved 
in DMF and dimethyl sulfate (1 .5 equivalent) was added dropwise. After an 
initial induction period a solid crashed out The reaction mixture was stirred 
for 6 hour at room temperature and then poured into diethyl ether. After a 
sticky solid crashed out the ether was decanted and the residue was 
triturated with EtOH, filtered, and washed with EtOH to give a light yellow 
solid. The pyridinium salt thus obtained (MH+ = 227.3) was suspended in 
EtOH and RO2 (5 mol%) was added, and the mfocture was hydrogenated at 
atmospheric pressure for 3 days. After the catalyst was filtered off over a pad 
of Celite, the filter cake was washed repeatedly with water and the resulting 
EtOHAA^ater mixture was concentrated under reduced pressure. The solution 
was made basic with 30% NaOH and extracted with CH2CI2. The organic 
extracts were collected and dried (Na2S04). Evaporation of the solvent under 
reduced pressure afforded the desired product as a white solid. MH-h = 233.1 . 

Step 3: N-[4-(1-methyl(4-piperidyl))-2-nitrophenyl]acetamide 

[071 2] A round bottom fiask was charged with acetic anhydride and 
acetic acid, and the mixture was cooled down to -lO^C with and ice/ salt bath. 
HNO3 (2 equivalents) was added, followed by 2 drops of H2SO4. N-[4-(1 - 
Methyl-4-piperidyl)phenyqacetamide (1 equivalent) in acetic acid (in such an 
amount as to obtain a final 1 :1 ratio between ACO2 and AcOH) was added 
dropwise to the cold solution. The reaction mixture was allowed to warm to 
room temperature and stinned for 6 hours. The reaction was then poured into 
dietiiyl ether. A sticky solid crashed out, the ether was decanted, and tiie 
residue was dissolved in water. The water solution was made basic witii 30% 
NaOH and an orange solid precipitated. The solid was filtered off and dried to 
afford the desired product. MH+ = 278.3. 

Step 4: 4-(1 -methylpiperidln-4»yl)-2-nitroanlline 

[0713] N-[4-(1-methyl(4-piperidyl))-2-nitrophenyaacetamide (1 
equivalent) was dissolved in methanol and 30% KOH (2.5 equivalents) was 
added dropwise with vigorous stining. The reaction mixture was stirred at 
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room temperatuiB for 3 hours and then concentrated under reduced pressure. 
The residue was dissolved in CH2CI2 and washed with water (2x) and brine 
(1x}. The organic solution was dried (Na2S04) and evaporated to obtain the 
desired product as an orange brown solid. MH+ = 236.2. 

Example 104: General synthesis of 5-aminopropvl benzimidazoles 



^ Br + 



CHaCN 
Na2C03 




H2N 



m 



n 



PdIP(Ph)3l4 ^ 
Pyrrolidine O2N 




IV 



1. H2, Pd/C 



2. 

O NHHCI 




V 

[0714] Propargyl amines may be obtained commercially or generally 
prepared as shoyMi (see Banholzer, R. et al. U.S. Patent No. 4,699,910 which 
is herein incorporated In its entirety and for all purposes as is fully set forth 
herein). A mixture of propargyl bromide (70% in toluene, 1.1 equivalents), the 
amine 1 (1 equivalents), Na2C03 (2.5 equivalents) in acetonitrile, ( about 0.2 
M) was refluxed overnight. The reaction mbcture was cooled to room 
temperature and the solid was filtered off. The solution was evaporated under 
reduced pressure, and the residue was dissolved in EtOAc (or CH2CI2) and 
washed with water. The organic solution was dried (Na2S04). The solvent 
was evaporated under reduced pressure to give the desired propargyl amine 
II as a brown oil which was used in the next step without further purification. 
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[0715] Aryl alkynes may be made by following a modified procedure 
(Jon L Wright et al. J. Med. Chem. 2000, 43, 3408-3419 which is hereby 
incorporated by reference in its entirety and for all purposes as if fully set forth 
herein). A round bottom flask was charged with THF and the solvent was 
sparged with nitrogen for 10 minutes using a dispersion tube. The 
propargylamine II (1 equivalent), pynrolidine (2 equivalents) and 2-nrtro-4- 
bromoaniline III (1 equivalent) were added, while still bubbling nitrogen 
through the solution. PdP(Ph)3]4 (2.5 mol%) was added last, and the 
sparging was then discontinued. The flask was equipped with a reflux 
condenser, and the reaction mixture was refluxed overnight under nitrogen 
and then cooled down room temperature. The THF was evaporated and the 
desired product IV was obtained by silica gel chromatography of the crude 
mixture (usually EtOAc/hexane 1:1). 

[071 6] Exposure of IV to catalytic hydrogenation conditions typically 
gave the fully reduced alkane, which was then converted to ester V as 
described in Example 49. 

Example 105: Synthesis of 4-amino-5-fluoro-345"r3» 
f methvlamino)propvlM H-benzimldazoN2»vftaulnoHn'2M H)H>ne 




I 

[0717] Benzyl quninollnone I (1.0 equivalent) was suspended in EtOH 
and 1 N HCI (1.1 equivalent) was added providing a clear solution. 10% Pd/C 
(12 wt %) was added, and the reaction mixture was hydrogenated in a steel 
bomb at 200 psi of H2 and 60^C for two days. The reaction mixture was 
cooled to room temperature, filtered, and ttie solvent was evaporated under 
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reduced pressure. The residue was purified by reverse phase preparative 
HPLC to give the desired product. MH+ = 366.1 . 

Example 106: Synthesis of 4-am^no^5>fl^oro^^3^(5^(3^fmethvlf1- 
methvlp^peridin■4-v^amlno^propv^-1H-benzlmidazol*2^vl^qu^nol^n-2(1H)^^ 

one 




I 



[0718] To a MeOIH solution of quinollnone I (1.0 equivalent) was added 
1^methyl-4-piperidinone (1.5 equivalents) folbwed by NaCNBHa (3 
equivalents). The reaction mixture was then refluxed overnight and cooled to 
room temperature. 15% NaOH was added, and the reaction mixture was 
stirred for 1 hour at room temperature. The solvent was concentrated under 
reduced pressure and the residue was dissolved in DI\/1SO and purified by 
reverse phase preparative HPLC to give the desired product. MH+ = 463.2. 

Examples 107-211 

[0719] Each of the compounds in the following table was synthesized 
following procedures described in the Examples and Methods described 
above. Starting materials used to synthesize the following compounds are 
readily recognizable by one skilled in the art in light of the previous disclosure. 

Table 1 . Table of Examples 1 07-21 1 . 



Example 


Name 


LC/MS 
(MH-I-) 


107 


4-amlno-3-{5-t(3S)-3-(dimethyIamino)pyrroIldln-1-yl]-1H- 
benzimidazol-2-yl}quinolin-2(1 H)-one 


389.4 


108 


4-[(3S)-1-azabicydo[2.2.2locl-3-ylainfnol-3-(1 H- 
benzimidazol-2-yl)-6-chloroqulnolin-2(1 H>-one 


420 


109 


4-[(3R)-1 -azabicyclo[2.2.21oct-3-ylam!nol-3-(1 H- 
ben2jmidazol-2-yl)-6-chloroquinolliv2(1 H)-one 


420 
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110 


3-(1H-ben2imIdazol-2-ylH-t(3R)-3- 
(dlmethylamino)pyrrolidln-1-yl]quinolin-2(1H)-one 


374,2 


111 


3-(1H-ben2imldazol-2-yl>6-chloro-4-[(3R)-3- 
(dimethylamlno)pyiTOlidln-1 -yI]quinoIin-2(1 H)-one 


408.1 


112 


4-amlno-3-[&K4-ethylpiperazin-1-yl)-1H-benzlmidazo^2-yl]- 
1 -methylquinolln-2(1 Hyone 


403.2 


113 


4-amino-3-(6-pipera2lr>-1-yl-1H-ben2imldazol-2-yl)quinolin- 
2(1H)-one 


361.2 


114 


4-amino-3-[6-(pyridln-4-yImethyI)-1H-benzimidazol-2- 
yllqulnolin-2(1H)-one 


368.2 


115 


4-amino-3-{5-[(3R.5S)-3.5KJimethylplpenazin-1-yl]-1H- 
benzimidazol-2-yl}quinolin-2(1H)-one 


389.4 


116 


4-amino-3-[5-(4-methyIpiperazln-1 -yl)-1 H-benzlmldazol-2- 
yQquinolin-2(1 H)-one 


375.2 


117 


4-amino-^(6HfTiethyl-5-fTiorpholin-4-yl-1H-benzlmidazol-2- 
yl)qulnoIin-2(1H)-one 


376 


118 


4-amino-3-{5-[(1 -methylpiperidin-3-yl)oxy]-1 H- 
benzimidazol-2-yl}quinolin-2(1H)-one 


390.1 


119 


4-amino-3-{5-[(2R,6S>-2,6-dimethylmorpholln-4-yll-6-fluoro- 
i H-benzimidazol-2-yl}quinolin-2(1 H)-one 


408.2 


120 


4-amino-3-{5-[(1 HfnethylpyrroIIdin-3-yl)oxyh1 H- 
benzimidazol-2-yI}quinolin-2(1H)-one 


376.2 


121 


4-amino-3-[5-(4-methyl-1 ,4-diazepan-1-yl)-1 H- 
benzimidazol-2-yl]quinolin-2(1H)-one 


389.2 


122 


4-amino-3-{5-[(3R)-3-(dimethyIamino)pyrrolidln-1-yl]-1H- 
benzimidazol-2-yl}quinolin-2(1 H)-one 


389.2 


123 


4-amirK)-6K:hloro-3-{5-[(3R)-3-(dlmethylamino)pyrrolidln-1- 
yq-1 H-benzimidazo^2-yl}quinolin-2(1 H)-one 


423 


124 


ethyl {4-[2-(4-amino-2-oxo-1 ,2-dihydroquinolin-3-yl)-1 H- 
benzimidazol-6-yl]plperazin-1-yl}acetate 


447.2 


125 


4-amino-3-{6-[methyl(1 -methylpiperidin-4-yl)amjno]-1 H- 
benzlmidazoI-2-yl}quinolin-2(1 H)-one 


403.1 


126 


M6-(4-acetylpiperazin-1-yl)-1H-benzimldazol-2-yll-4- 
aminoquinolin-2(1 H)-one 


403.3 


127 


4-amlno-3-{6-{1 ,4'-blpIperidln-1 '-yl^l H-benzImidazol-2- 
yl]quinolln-2(1 H)-one 


443.3 


128 


2-(4-amino-2-oxo-1 ,2-dihydroquinolin-3-yl)-1 H- 
benzimidazole-6-carboxylic add 


321.2 


129 


4-amino-5KmethyIoxy)-3-[6-(4-methyIpiperazin-1-yl)-1H- 
benzimidazol-2-yl]quinolin-2(1 H)-one 


405.3 


130 


4-amino-3-{6-t4-(1 -methytethyl)plperazin-1 -ylj-l H- 
benzlmidazol-2-yl}quinonrv2(1H)-one 


403.3 


131 


{4-[2-(4-amlno-2-oxo-1 ,2-dihydroquinolin-3-yl)-1 H- 
benziniidazol-6-yl]pipe[azin-1-yl}acetic add 


419.2 


132 


4-[(3S)-1-azabicydo[2.Z2]oct-3-ylaminoh3-(1H- 
benziinidazol-2-yl)quinolin-2(1 H>one 


386.1 


133 


4-[(3R>-1-azabicydo[2.2.2]oct-3-yIaminol-3-(1H- 
benzim(dazol-2-yl)quinolin-2(1 H)-one 


386.1 
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134 


4-amino-3-[5-(4-ethylpfperazfn-1-yl)-1H-ben2imkJazol-2- 
yllquinolin-2(1 H)-one 


389.1 


135 


4-amino-3-(5-{(2S,5S>2-{(dimethylamino)methyl]-5- 

nrethylmorpholin-4-y|}-1H-benzirnidazol-2-yl)qulnolin-2(1H)- 

one 


433.3 


136 


4-amino-6-chloro-3-{5-(4-methyIpiperazIn-1-yl)-1H- 
benzimidazol-2-yllquinoIin-2(1 H)-one 


409.2 


137 


4-aminc>-6-chlort>-3-{5^(3S)-3-(dimethylarnjno)pyrrolidin-1- 
yl)-1 H-benzimidazol-2-yl}quinotin-2(1 H)-one 


423.1 


138 


4-amino-5,6-dlchloro-3-{5^(3S)-3- 
(dimethylamino)pyrrolidln-1-yl]-1H-benzlmidazol-2- 
yl}quinolin-2(1 H)-one 


457.2 


139 


4-amino-5,6-dichloro-3-[5-(4-methyIpiperazin-1 -yl)-1 H- 
benzlmidazol-2-yl]quinolin-2{1 H)-one 


443.2 


140 


4-amIno-3-(1H-benzimida2ol-2-yl)-6-[(pyridin-2- 
ylmethyl)oxy]quinolirv2(1 H)-one 


384.2 


141 


4.amino-3-{1H-ben2imidazol-2-yl)-6-[(2R.6S>-2,6- 
dimethylrhorpholin-4-yl]quinolin-2(1H)-one 


390.1 


142 


4-amino-3-(1H-ben2irnidazol-2-yl)-6-morphoIin-4-ylquinolin- 
2(1H)-one 


362.2 


143 


4-amino-3-(1 H-benzlmidazol-2-yI)-5-[(1-methylpiperidin-3- 
yl)oxy]quinolin-2(1 H)-one 


390.2 


144 


4-amino-3-(1H-benzimidazol-2-yl)-5-[(pyridin-2- 
ylmethyl)oxy]quinoIin-2{1 H>one 


384.1 


145 


4-amino-3-(5-morpholin-4-yl-1H-benzlmidazol-2-yl)-5- 
[(pyridln-4-yImethyl)o)y]quinolin-2(1H)-one 


469.2 


146 


4-amino-3-(1H-benzimida2ol-2-yl)-5-(methyIoxy)quinolin- 
2(1H)-one 


307.1 


147 


4-amino-3-(5-methyl-1H-benzimidazol-2-yl)-5- 
(methyloxy)quinolin-2(1 H)-one 


321.1 


148 


4-amino-3-{5-[(2R,6S)-2,6-dimethylmorpholin-4-yll-1H- 
benzimidazol-2-yl}-&^methytoxy)qulnolin-2(1 H)-one 


420.2 


149 


4-amino-3-{1H-benannldazol-2-yl)-5-morpholin-4-ylqulnolin- 
2(1HH)ne 


362.2 


150 


4-amino-3-(1H-benzimIdazol-2-yl)-5-[(2R,6S).2,6- 
dlmethylmorpholirv4-yOqulnoljn-2(1 H)-one 


390.2 


151 


4-amino-3-(1 H-benzimldazol-2-yl)-5-(4-methylpiperazln-1- 
yI)qujnolin-2(1 H)-one 


375.1 


152 


4-amino-5,6Kllchloro-3-(5-niorpholin-4-yl-1H-benzimidazDl- 
2-yl)quinolin-2(1H)-one 


430 


153 


3-{5-{(2-morpholin-4-ylethyl)oxyh1H-benzimidazol-2- 
yl}quinol(n-2(1 H)-one 


391.3 


154 


4-amino-3-{5-l(3-pynDlldin-1-ylpropyl)oxyJ-1H- 
benzlmldazol-2.yl}qulnoIin-2(1H>one 


404 


155 


4-amin6-3-{5-[(3-nioiphoIin-4-ylpropyl)oxyl-1H- 
benzimidazol-2-yl}quinoIin-2(1 H)-one 


420.4 
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156 


4-amino-6-fluoro-3-(5-morpholln-4-yl-1H-benzlmfda2ol-2- 
yl)quinolin-2(1 H)-one 


380 


157 


4-^mino-3-{5-[3-(cliniethylamlno)pyrrolidin-1 -yl]-1 H- 
benzlmidazol-2-y!}-6-fluoroquinolin-2(1 H)-one 


407 


158 


4-amlno-3-(1 l+benzlmldazol-2-yl)-6-fluorcxiuinolin-2(1 H>- 
one 


295 


159 


4-amincH3-(6-fluoro^5HTiorpholin-4-yl-1H-benzimW 
yl)quinolin-2(1 H>one 


380 


160 


4-amino-3-{5-[(tetrahydrof uran-2-ylmethyl)oxyl-1 H- 
benzimidazol-2-yI}quinolin-2(1 H><)ne 


377 


161 


4-amino-6-fluoro-3-(6-fluoro-5-morpholin-4-yHH- 
ben2imidazol-2-yl)quinoIin-2(1 H)-one 


398 


162 


4-amlno-3-[6-fluorD-5-(4-methylpipera2in-1 -yl)-1 H- 
benzimidazol-2-yl]qulnolin-2(1 H)-one 


393 


163 


4-amino-3-(5-{[2Kmethyloxy)ethyl]oxy}-1H-benzimidazol-2- 
yl)quinolin-2(1H)-one 


351 


164 


4-amino-3-[4,6KJifIuoro-5-(4-rnethylpiperazln-1-yl)-1H- 
benzimidazol-2-yllquInolin-2{1H>one 


411 


165 


4-amino-3-{5-[3-(dimethylamino)pyrrolidin-1 -ylj-l H- 
benzImidazol-2-yl}-5-fluoroquinolln-2(1H)-one 


407.1 


166 


4-ammo5-fluorD-3-{5-(4-methylpiperazin-1 -yl)-1 H- 
benzinnidazol-2-yIJquinolin-2(1 H>-one 


393.1 


167 


4-amino-5"Chtort>-3-[5-(4-methyIpiperazin-1 -yl>-1 H- 
benzimidazol-2-yl]quinolin-2(1H)-one 


409.1 


168 


4-amino-3-{5-[3^dimethylamino)pyrrolidin-1 -yl]-6-fluorcKl H- 
benzlmldazol-2-yl}quinolin-2(1 H)-one 


407.1 


169 


4-amino-5<;hlor(>^5-[3-(dimethyIamino)pyrroIidin-1-yO- 
1 H-benzimidazDl-2-yl}quinolin-2(1 H)-one 


423.1 


170 


4-amlno-6-chlorx)-3-{5-[3-(dimethylamino)pyrrolidirh1-yO-6- 
fIuoro-1 H-benzimldazol-2-yl}qulnolin-2(1 H)-one 


441 


171 


4-amino-5-[(2R.6S)-2,6KlimethyImorphoIin-4-yll-3-(3H- 
lmldazo[4,5-b]pyridIn-2-yl)quinolin-2(1H)-one 


391.2 


172 


4-amino-3-(6-thiomorpholii>4-yl-1H-benzimidazol^^^ 
yl)qulnoIin-2(1H)-on8 


378.4 


173 


4-aniino-3-[5-{4-cyclohexylpiperazin-1 -yl)-1 H-benzimidazol- 
2-yqquinolin-2(1 H>one 


443.1 


174 


4-amino-3-{6-[3-(dlethylamino)pyrrolidin-1 -yQ-l H- 
benzimidazol-2-yQquinolin-2(1H)-one 


417.1 


175 


4-amino-3-I6-<4-pyridin-2-ylpiperazin-1-yl)-1 H- 
benzimldazol-2-yQquinolin-2(1 H)-one 


438.3 


176 


4-amino-3-l5-(4-methylpipera2ir>-1-yl>-3H-imidazo[4,5- 
b]pyridiiv2-yQquinolin-2(1 H)-one 


376.3 
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177 


4-amino-6K*iloro-3-{5-(4-methylplpera2in-1-yl)-1H- 
lmidazo[4,5-b]pyrldin-2-yl]qulnolln-2(1H)Hone 


410.2 


178 


2-{4-amlno-2-0)«>-1 ,2-dihydroquinolin-3-yl)-N-methyl-N-(1 - 
methytplperidin-4-yl)-1 H-benzimidazole-5-carboxamide 


431.3 


179 


4-amino-3-{5-{I4-(1-methylethyl)piperazin-1-yllcait)onyl}- 
1H-benzfmidazol-2-yl)qulnolin-2(1H)-ohe 


431.3 


180 


4-amino-3-[5-(4-methylplpera2ln-1 -yl)-1 H-ben23mida2ol-2- 
yl]-6-nitFoqulnolln-2(1 H)K>ne 


420.2 


181 


4-amino-3-[5-(1 ,4-biplperidin-1 •-ylcarbonyl)-1 H- 
benziinidazol-2-yqquinolfn-2(1 H>one 


471.1 


182 


4-amlno-3-{5-{(4-methylpipera2in-1 -yl)carbonyll-1 H- 
benzimidazol-2-yl}quinolln-2(1 H)-one 


403.3 


183 


4-amino-3-[5-(1-oxldothiomorpholin-4-yl)-1H-ben2lmidazol- 
2-yllqulnoliiv2(1 H>one 


394.5 


184 


3-{5-t(4-acetylpipera2in-1-yl)carbonyQ-1H-ben2imida2ol-2- 
yl}-4-aminoquinolln-2(1 H)A)ne 


431.3 


185 


4-amino-3-(5-{[(3R)-3-(dimethylamino)pyrrolidiiv1- 
yQcarbonyqi-l H-benzimMa»)l-2-yl)quinolin-2(1 H>one 


417.4 


186 


4-amino-3-(5-{I(3S)-3-(dimethylamino)pynPOlidin-1- 
yQrarbonyl}-1H-benzlrnlda2ol-2-yl)qulnolin-2(1H>one 


417.4 


187 


4-amino-3-(5-{[4-(dimethylamino)plperidln-1-yl]cattx)nyl}- 
1 H-benzimidazol-2-yl)quinolin-2(1 H)-one 


431.4 


188 


me%l2H4-arnlno-5-fluoro-2-oxo-1.2-dlhydroquinolin-3-yl)- 
1 H-benzimidazold-6-carbo)^ate 


353.2 


189 


4-amino-3-[5-(1.3-bfpyrrolidin-r-yl)-1H-benzimidazol-2- 
yqquinolin-2(1H)-one 


415.5 


190 


4-amlno-3-{5-(pyridin-3-yloxy)-1 H-ben2imldazol-2- 
yQquinolin-2(1H)-one 


370.2 


191 - 


4-arnino-5,6-bis(methyloxy)-3-[5-(4-rnethylpiperazin-1-yl)- 
H-benzimidazDl-2-yt)quinotin-2(1H)-one 


435.5 


192 


2-(4-amino-2-oxo-1,2-dihydroquinolin-3-yl)-N-[2- 

;dimethylamino)ethyq-NHiiethyl-1H-benz{midazole-S- 

:arboxamide 


405.3 
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193 


2-(4-amfno-2-oxo-1,2-dihydroquinolln-3-yl)-N-methyl-N-(1- 
methylpynroRdin-3-yl)-1H-^nzImidazole-5-carboxamide 


417.2 


194 


4-amin(>-3-{5-[(5-methyl-2,5-diazabicyclo[2.2.1]hept-2- 
yl)carbonyl]-1 H-benzlmidazol-2-yl}quinolin-2(1 H)-one 


415.2 


195 


4-amino-3-{5-[(4-cydohexylpiperazin-1-yl)cart)onyll-1H- 
ben2lmldia2ol-2-yl}quinolin-2(1 H)-one 


471.6 


196 


4-amino-3-{5-[(2-piperidii>1 -ylethyl)aminol-1 H- 
benzlmidazol-2-yl}quinolin-2(1 H)-one 


403.2 


197 


ethyl 4-{t2-{4-amino-2-oxo-1 ,2-dihydroqulnolin-3-yl)-1H- 
benzimidazol-5-yl]amino}piperidine-1-carboxylate 


447,3 


198 


4-amino-3^5-({(5R)-54(methyloxy)methyQpyrrolidin-3- 
yl}amino)-1 H-benzimida2ol-2-yl]quinolin-2(1 H>one 


405.2 


. 199 


4-amino-345-[(pyridirv2-ylmethyl)aminol-1H-benzimida2ol- 
2-yl}quinolin-2(1 H)-one 


383.3 


200 


4-amin(>-3-[5-(pipei1dirv3-ylamino)-1H-beru:imidazol-2- 
yl]quinolin-2(1 H)-one 


375.2 


201 


4-amino-5-fluoro-3-{5-[(pyridin-2-ylmethyl)am[no]-1H- 
ben2imidazol-2-yl}quinolin-2(1 H)-one 


401.3 


202 


ethyl 4-{[2-(4-amino5-fluoro-2-oxo-1 ,2-dihydroquinolin-3- 
yl)-1H-ben2fmfdazol-5-yl]amfno}piperfdfne-1-carboxylate 


465.5 


203 


4-amino-5-fluoro3-[5-{piperidin-3-ylamlno)-1H- 
ben2imidazol-2-yl]quinolIn-2(1 H)-one 


393.3 


204 


4-amfno-3-(1 H-benzimldazol-2-yl)-6-bromoqulno|in-2(1 H>- 
one 


357.1 


205 


4-amlno-3-(1 H-benzimidazoI-2-yl)-7-bromoqulnolin-2(1 H)- 
one 


357.1 


206 


4-amino-3-(5-bromo-1 H-benzimida2ol-2-yl)quinolin-2{1 H)- 
one 


357.1 


207 


N,N-dimethyl-2-(2-oxo-1 ^-dihydroquinolln-3-yl)-1 H- 
benzimldazole-5-carboxamide 


333.1 


208 


4-amlno-3-(5-thlen-2-yl-1H-benzimidazol-2-yl)quinolin- 
2{1H)-one 


359.2 
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209 


2-^4-aniino-2-0)«)-1,2-dihydroqulnolin-3-yl)-N,N-dimethyl- 
1 H-benzimidazole-S-sulfonamide 


384.1 


210 


4-amino-6-iodo-3-(5-{4-methylpiperadn-1-yl)-1 H- 
benzimidazol-2-yl]quinolin-2(1 H)-one 


501.1 


211 


4-amino-3-(5-{2-[(dimethylamino)methyl]-morpholin-4-yl}- 
1 H-ben2imidazol-2-yl)quinolin-2(1 H)-one 


419.2 



Examples 212-338 

Examples 212 to 338 listed in Table 2 were synthesized using the methods 
described above such as Methods 1-24 and those set forth in the Schemes 
and other Examples or modified as apparent to one of reasonable skill in the 
art using commercially available materials. 



Table 2. Table of Examples 212-338. 



Example 


Name 


LC/MS 
mlz 
(MH») 


212 


4-I(3R)-1 -a2ab(cyclo[2.2.2]oct-3-ylaminol-3-{1 H- 
ben2imida2ol-2-yl)-7-chloro-6-iodoquinolin-2(1H)-one 


547 


213 


4-[(3R)-1 -azabicyclop.2.21oct-3-ylamlno]-3-(1 H- 
ben2imidazol-2-yl)-6-nitroqulnolln-2(1H>K5n© 


431 


214 


4-[(3R)-1 -azabicyclo[2.2.2]oct-3-ylamlno]-3-(1 H- 
benzlmidazol-2-yl)-6-methylquinolin-2(1 H)-one 


401 


215 


4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H- 
benzimida2ol-2-yl)-6,7-difluoroquinolin-2(1H)-one 


422 


216 


4-[(3S>-1 -a2abicydo[2.2.2]oct-S-ylamino]-3-(1 H- 
ben2imidazol-2-yl)-7-chloroqulnolin-2(1H)-one 


421 


217 


4-t(3R)-1-arablcydo[2.2.2]oct-3-ylamlno]-3-(1l+ 
benamida2ol-2-yl)-6-bromoquinolln-2(1H)-one 


465 


218 


4-[(3R)-1-azablcyclotZ2.2]oct-3-ylamlnol-3-(1H- 
ben2fm(dazol-2-yt)-2-oxo-1 ,2-dihydroqulnoline-6- 
carbonitrile 


411 


219 


4-[(3R)-1 -azablcyclo[2.2.2]oct-3-ylamlno].3-(1 1+ 
benzimlda2ol-2-yl)-6-fluoroqulnolin-2(1H)-one 


404 


220 


4-{(3S)-1-azabicydo[Z2.2]oct-3-ylaminol-3-(1H- 
benzlmlda2ol-2-yl)-6,7-bis(methyloxy)qulTOlin-2(1H)-one 


447 


221 


4-{(3R)-1-azabicydo[2.2.2]oct-3-ylamino]-3-(1H- 
benzimidazoh2-yl)-6,7-dichloroqulnolin-2(l H)-one 


455 


222 


1 -[4-[(3S)-1-azabicydo[2.2.21oct-3-ylaminol-3-{1 H- 

benzimida2ol-2-yl>6-fluoro-2-oxo-1^-dlhydroqulnonr>-7- 

yQp!peridine-4-cartx)xamide 


531 
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223 


4-I(3S)-1-a2abicyclo[Z2.2loct-3-ylamlno]-3-(1 H- 
benzimlda2ol-2-yl)-6-fluoro-7-{(3- 
hydroxypropyl)amino]Quinolin-2(1 H)-one 


478 


224 


4-[(3S>-1 -azabicyclo[Z2.21oct-3-ylamino]-3-(1 H- 

benzimidazol-2-yt)-7-(dimethyiamino)-6-fIuoroqufnolin- 

2(1H)-one 


448 


225 


4-{(3R>-1-azabicyclo[2.2.2]oct-3-yiam{noI-3-(1H- 
benzimldazol-2-yl>-5-fluoroquino!in-2(1H)-one 


404 


226 


4-[(3R)-1-a2abicyclot2.2.2]oct-3-ylamlno]-3-(1H- 
benzimidazol-2-yl)-6-(4-nitrophenyl)qulnolln-2(1H)-one 


508 


227 


4-[(3S)-1-a2ablcyclo[2.2.2]oct-3-ylaminol-3-{1H- 

Kp n7f m iH^ ml-^-vl V7-/r2* i d1 mpth vlamlno V^thvlla mlnnV-6* 

fluoroquinolin-2(1 H>one 


491 


228 


3SV-1 "azabfcvclor2 2.21oct-3-vlamIno1-3-M H- 
ben2imidazol-2-y1)-6-fluoro-7-^1H-imIdaMl-1-yl)quinolin- 
2(1H)-<)ne 


471 


229 


4-[(3R)-1-a2aWcyclo[2.2.2loct-3-ylaminol-3-(1H- 
benzimidazol-2-yl)-6^4-(methylo)cy)phenyOquln 


493 


230 


4-[(3S)-1-azabfcycio[2.2.2]oc(-3-ylamino]-3-(1H- 
benzinfiidazol-2-vl)-6-flubro-7-morDholin-4-vlauinoiin-2f 1 H V 
one 


490 


231 


4-[(3R)-1-a2abicyclo[2.2.2]oct-3"ylaminol-6,7-difluoro-3- 
(3HMmidazo[4,5-b]pyridin-2-yl)quinolIn-2(1H)-one 


423 


232 


4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H- 
ben2dmidazol-2-yl)-6-(3-nitrophenyl)quinolin-2(1H)-one 


508 


233 


1 -[4-[(3S)-1-azablcyclo[2.2.2loct-3"yIamino]-3-(1 

benzimidazol-2-yl)-6-fluoro2-oxO"1,2-dihydroquinolin-7- 

yl]piperidine-3-carboxamide 


531 


234 


4^[(3S)-1-a2abicyclo[2.2.2]oct-3-ylamino]-3-(1H- 
benzlmldazoI-2-yl)-5-methyIquinolirh2( 1 H}om 


401 




R-.^'^ariPtvlnhpnvlV4-rnRV1-a2ahicvdor2 2 21oct-3- 

ylamIno]-3'^3HMmldazo[4,5-b]pyridin-2-yl)quinolb^^ 
one 


•506 

www 




4-r^3SV1-arabirvclnf2 2 21oct-3-vlamlnoV3-nH- 
benzim!dazol-2-yl)-5-chloroqu!nol!n-2(1 H)-one 


421 


237 


4-[(3R)-1-azabi(7clo[2.2.21ocl^ylamino]-6-fluoro-3-(3H- 

im!dazo[4,5-b]pyridin-2-yl)-7-nx)rpholin-4-ylqulnolin-2(1H)- 

one 


491 


238 


4-[(3S)-1-azabicyclo[2.2.2]ocl-3-ylamlnol-3-(1H- 

benzimidazol-2-yl>-7-((yclopiopylamino)-6-fluoroquinolfn- 

2(1H)K)ne 


460 


239 


^H3-[4^(3R)-1-azab^cyclot^^21oct-3-ylamino]-3-(3H- 

imidazo[4,5-b]pyridin-2-yl>2-oxo-1.2-dihydroqulnolin-6- 

yl]phenyl}acetamide 


521 


240 


4-[(3S)-1 -a2abicyclo[2.2.2]oct-3-ylamino]-3-(1 H- 
benzimidazol-2-yl)-6-fluoro-7-(4-methylpiperaz)iv1- 
yl)quinolin-2(1 H)-one 


503 



